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(57) ABSTRACT 

The present invention is directed to double prodrugs con- 
taining polymeric-based transport forms. These polymeric 
prodrugs are preferably of the formula: 



(I) 




wherein: 

L 2 is a bifunctional linking moiety; 
G is H or 

If 

C B; 



where 

B is H, a leaving group, a residue of an amine-containing 
moiety, or a residue of a hydroxyl-containing moiety; 

Y lJt are independently, O, S, or NR I2 ; 

Rj, R 4 , R^, R 10 , and R 12 , are independently selected from 
the group consisting of hydrogen, C^g aJkyls, Cg_ 12 
branched alkyls, C^ cycloalkyls, C^ s substituted alkyls, 
Cj.g -substituted cycloalkyls, aryls, substituted aryls, 
aralkyls, C w heteroalkyls, substituted C lM3 heteroalkyls; 

R^,, Rg, R 5 and R 6 are independently selected from the group 
consisting of hydrogen, C^g alkyls, alkoxy, phenoxy, 
Ci_s heteroalkyls, heteroalkoxy, substituted 

alkyls, C^g cycloalkyls, substituted cycloalkyls, aryls, 
substituted aryls, aralkyls, halo-, nitro-, cyano-, carboxy-, 
Cj_ 6 carboxyalkyls and C H alkyl carbonyls; 

Ar is a moiety which when included in Formula (I) forms a 
multi-substituted aromatic hydrocarbon or a multi-substi- 
tuted heterocyclic group; 

(m), (r), (s), (t), (u) and (v) are independently zero or one; 

(p) is zero or a positive integer; and 

R-u is a substantially non-antigenic polymer. 
The first prodrug is generated when the polymeric portion of 
the double prodrug is cleaved and the parent molecule is 
generated rapidly thereafter in vivo, preferably as a result of 
1,6 or 1,4 benzyl elimination-reaction. Methods of preparing 
the compounds and methods of treatment are also disclosed. 
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FIG-4 
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POLYMERIC PRODRUGS OF AMINO- AND 
HYDROXY L-CONTAINING BIOACTIVE 
AGENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 08/992,435 filed Dec. 17, 1997, now 
abandoned, the contents of which are incorporated herein by 
reference. 

TECHNICAL FIELD 



The present invention relates to double prodrugs. In 
particular, the invention relates to polymeric-based double 
prodrugs having reversible linkages involving amino and 
hydroxyl moieties of chemical compounds and biologically 
active materials such as enzymes, proteins and the like. 

BACKGROUND OF THE INVENTION 

Over the years, several methods of administering 20 
biologically-effective materials to mammals have been pro- 
posed. Many medicinal agents arc available as water-soluble 
salts and can be included in pharmaceutical formulations 
relatively easily. Problems arise when the desired medicinal ^ 
agent is either insoluble in aqueous finds or is rapidly 
degraded in vivo. For example, alkaloids are often especially 
difficult to solubilize. 

One way to solubilize medicinal agents is to include them 
as part of a soluble prodrug. Prodrugs include chemical 30 
derivatives of a biologically-active parent compound which, 
upon administration, eventually liberate the parent com- 
pound in vivo. Prodrugs allow the artisan to modify the 
onset and/or duration of action of an agent in vivo and can 
modify the transportation, distribution or solubility of a drug 35 
in the body. Furthermore, prodrug formulations often reduce 
the toxicity and/or otherwise overcome difficulties encoun- 
tered when administering pharmaceutical preparations. 
Typical examples of prodrugs include organic phosphates or 
esters of alcohols or thioalcohols. See Remington's Phar- 4 0 
maceutical Sciences, 16th Ed., A. Osol, Ed. (1980), the 
disclosure of which is incorporated by reference herein. 

Prodrugs are often biologically inert, or substantially 
inactive, forms of the parent or active compound. The rate 
of release of the active drug, i.e. the rate of hydrolysis, is 45 
influenced by several factors but especially by the type of 
bond joining the parent drug to the modifier. Care must be 
taken to avoid preparing prodrugs which are ehminated 
through the kidney or reticular endothelial system, etc. 
before a sufficient amount of hydrolysis of the parent com- 50 
pound occurs. By incorporating a polymer as part of the 
prodrug system, one can increase the circulating half -life of 
the drug. However, in some situations such as with alkaloids, 
it has been determined that when only one or two polymers 
of less than about 10,000 daltons are conjugated thereto, the 5s 
resulting conjugates are rapidly eliminated in vivo especially 
if a somewhat hydrolysis-resistant linkage is used. In fact, 
such conjugates are so rapidly cleared from the body that 
even if a hydrolysis-prone ester linkage is used, not enough 
of the parent molecule is regenerated in vivo. This is often 60 
not a concern with moieties such as proteins, enzymes and 
the like even when hydrolysis-resistant linkages are used. In 
those cases multiple polymer strands, each having a molecu- 
lar weight of about 2-5 kDa, are used to further increase the 
molecular weight and circulating half-life. 65 

Although the above-mentioned concept of prodrug-based 
delivery systems has proven to be useful in many instances, 



■ there are nonetheless situations where alternatives are 
desired. For example, Bundgaard in "The Double Prodrug 
Concept and Its Applications" in Advanced Drug Delivery 
Reviews, 3 (1989) 39-65, (the contents of which are hereby 
incorporated by reference) pointed out that in many cases it 
is difficult to obtain a prodrug which has the proper com- 
bination of adequate stability in vitro and high susceptibility 
10 regenerate the parent drug in vivo. As pointed out by 
> Bundgaard, a promising means of overcoming some of the 
previously encountered shortcomings involves the use of 
cascade latentiation or "pro-prodrugs". In such systems, the 
hydrolytic reaction sequence involves a first step which 
usually is an enzymatic cleavage and the second involves a 
' non-enzymatic hydrolysis that occurs only after the first has 
taken place. 

it is believed that in spite of the reported work in the field 
of double prodrugs, some specific problems were not 
' addressed sufficiently. For example, the previously reported 
techniques do not sufficiently address the solubility prob- 
lems of many parent compounds. In addition, the problem of 
designing in a sufficient increase in circulating half-life for 
the prodrug was also not sufficiently developed. Thus, there 
' continues to be a need to provide additional technologies for 
forming prodrugs which would benefit from the double 
prodrug concept. For example, it would be advantageous to 
provide the artisan with alternative techniques for transport 
carrier attachment so as to regulate biological effect. 
Furthermore, it would be desirable to provide additional 
techniques to address problems associated with involving 
amino residues of parent compounds and thus avoid exces- 
sively fast or slow hydrolysis of the transport form from the 
parent compound at physiological pH. 

SUMMARY OF THE INVENTION 

The present invention addresses the shortcomings 
described above. In one aspect of the invention, compounds 
of Formula (I) are provided: 



4 >■ J* 



wherein: 

Lj is a bifunctional linking moiety such a: 



r- 



r ■ 



where 
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camptothecin, paclitaxel, Ara-C, raelphalan, 
podophyllotoxin, etc. 

jf 1 For purposes of the present invention, the term "residue" 

c — B; 5 sria Il be understood to mean that portion of a biologically 

active compound which remains after it has undergone a 
substitution reaction in which the prodrug carrier portion has 
been attached. 

B is H, a leaving group, a residue of an amine-containing „ . . 4 „ „ ,„ 

moiety, or a residue of a hydroxyl-contaming moiety; , n F ™ P™P° ses <* Pff nt mention, the term attyl 

, _ _ ' ' 10 shaU be understood to include straight, branched, substituted 

Y« are independently 0, S or NR 12 ; ^ c ^ cydoa]kyIs of substituted cyc . oa]ky]Sj 

M is X or Q; wherein etc 

X is an electron withdrawing group ™ . ' , , , - , . - »i_ 

. . ■ , , . . . The double prodrugs of the present invention are thus 

Q is a moiety containing a free electron pair positioned ^ deHyery systems _ Preferably thepo , ymer ic portion is 

three to six atoms from &st released by hydrolysis and then the result "second 

prodrug" moiety undergoes a 1,4 or 1,6-aryl or benzyl 

II + elimination reaction to regenerate the armne-containing bio- 

C; active compound. 

20 Some of the chief advantages of the double prodrug 

R lr R 4 , R 7 , R s , R 9 , R 10 , R 12 , R 14 and R 15 are indepen- compounds of the present invention are that they are capable 

dently selected from the group consisting of hydrogen, ° f solubilizing amine-containing or hydroxyl-containmg 

alkyls, C^ 12 branched alkyls, cycloalkyls, compounds and extending their half -life as compared to the 

substituted alkyls, C„ substituted cycloalkyls, 25 native or even "second" prodrug counterparts. The linkage 

aryls, substituted aryis, aralkyls, heteroalkyls, between the polymer and the "second prodrug" compound 

substituted G^g heteroalkyls; as described above, hydro lyzes at a rate which allows the 

Ra, R 3 , R s and R 6 are independently selected from the compound to retain its enhanced solubility and circulating 

group consisting of hydrogen, C 1 _ E alkyls, C 1-a alkoxy, half-life. The native drug, however, is still not released at 

phenoxy, heteroalkyls, heteroalkoxy, substi- 30 this point. Only after the "second prodrug" undergoes 1,4 or 

tuted C 1j6 alkyls, Cj_^ cycloalkyls, substituted 1,6-benzyl elimination, will the desired native molecule be 

cycloalkyls, aryls, substituted aryls, aralkyls, halo-, released. It is readily apparent that this double prodrug 

nitro- and cyano-, carboxy-, carboxyalkyl, approach of the present invention offers unique and unex- 

alkylcarbonyl, etc.; pected characteristics which enhance the circulating half-life 

Ar is a moiety which when included in Formula (I) forms 35 and solubility of native molecules. 

a multi-substituted aromatic hydrocarbon or a multi- . , , . ,. « . , . ± , j , 

n . y Methods of makmg and using the compounds and con- 
substituted heterocyclic groirp; . , , , . , , ■ 
,. v , v ,■ v , ^ ,x A f, v - - , , jugates described herein are also provided, 
(b), (m), (r), (s), (t), (u), and (v) are independently zero or J & 

(a)^ (n) are independently zero or a positive integer; 40 BRIEF DESCRIPTION OF THE DRAWINGS 
(p) is zero or a positive integer; 

, , . „. c , FIG. 1 depicts the three synthetic methods for making the 

(q) is three or four; and , . / , , > . . 

zr . « , , „ , polymeric double prodrugs of the present invention. 

R 11 is a polymer such as a polyalkylene oxide. r 

In some preferred embodiments, (r) and (t) are one and R,, 4S FIG 2 illustrates reaction schemes to prepare compounds 

and R 6 are independently selected from alkoxy or C-i_ 6 j a through 10b. 

alkyl moieties and R 3 and R 3 are both hydrogen. " 

In other preferred embodiments, (v) is zero, FIG. 3 illustrates reaction schemes to prepare compounds 

Ha through 21b. 

0 50 

IJj FIG. 4 illustrates reaction schemes to prepare compounds 

G— B 22a through 32d. 



^ . , , . . . „ . j £T , , FIG. 5 illustrates reaction schemes to prepare compounds 

where B is hydrogen. This aldehyde derivative of Formula 36 h ^ fc ^ ^ ^ ^ Qf SRQ 

(I) provides useful mtermediates for forming prodrug com- 55 ffi NO; f are preseat ^ reaction products numbered ^ 39 
positions. and 40 in this figure. 

In alternative preferred aspects of the invention, B is a 
leaving group such as N-hydroxy-benzotriazolyl, FIG. 6 illustrates reaction schemes to prepare compounds 

N-hydroxyphthalimidyl, halogen, p-nitrophenoxy, 41 t^ugh 50. 
imidazolyl, N-hydroxysuccinimidyl, thiazolidyl thione, or 60 
other activating groups. Alternatively, B is a residue of any 
ammo-containing or hydroxyl-contaming compound for 
which one or more of improved aqueous solubility, 
decreased antigenicity, prodrug and/or controlled release 
delivery is desired. For example, B, can be a residue of an 65 A. Formula (I) 

enzyme, protein, or organic compound such as In one aspect of the invention, there a 

daunorcubicin, doxorubicin, p-aminoaniline mustard, pounds of formula (I): 
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PM V v M s r 



wherein: 

L 2 is a bimnctional linking moiety such as 



B is H, a leaving group, a residue of an amine-containing 

moiety, or a residue of a hydroxyl-containing moiety; 35 
Y^ 5 are independently 0, S or NR 12 ; 
M is X or Q; where 
X is an electron withdrawing group; 

Q is a moiety containing a free electron pair positioned ^ 
three to six atoms from 



7i* 



R a , R 4 , R 7 , R s , R 9 , R 10 , R 12 , R 14 and R 1S are indepen- 
dently selected from the group consisting of hydrogen, 
C^g alkyls, C3_ 12 branched alkyls, cycloalkyls, 
Cj^g substituted alkyls, C 3 ^ substituted cycloalkyls, 5 
aryls, substituted aryls, aralkyls, heteroalkyls, 
substituted C 1-6 heteroalkyls; 

Ra, R 3 , R 5 and R 6 are independently selected from the 
group consisting of hydrogen, C-^ alkyls, C^g alkoxy, 
phenoxy, ^ heteroalkyls, heteroalkoxy, substi- 
tuted Ci_ 6 alkyls, C 3 _8 cycloalkyls, substituted 
cycloalkyls, aryls, substituted aryls, aralkyls, halo-, 
nitro- and cyano-, carboxy-, carboxyalkyl, 
alkylcarbonyl, etc.; 

Ar is a moiety, which when included in Formula (I), forms 
a multi-substituted aromatic hydrocarbon or a multi- 
substituted heterocyclic group; 

(b), (m), (r), (s), (t), (u) and (v) are independently zero or 
one; e 

(a) and (n) are independently zero or a positive integer, 
preferably 1-6 inclusive; 



(p) is zero or a positive integer, preferably 1-6 inclusive; 

(q) is three or four; and 

R 12 is a substantially non-antigenic polymer. 
B. Description of the Ar Moiety 

Referring to Formula (I), it can be seen that the Ar moiety 
is a moiety which when included in Formula (I) forms a 
multi-substituted aromatic hydrocarbon or a multi- 
substituted heterocyclic group. A key feature is that the Ar 
1 moiety is aromatic in nature. Generally, to be aromatic, the 
jr electrons must be shared within a "cloud" both above and 
below the plane of a cyclic molecule. Furthermore, the 
number of jc electrons must satisfy the Ruckle rule (4n+2). 
j Those of ordinary skill will realize that a myriad of moieties 
will satisfy the aromatic requirement of the moiety and thus 
are suitable for use herein. 

Preferred aromatic hydrocarbon moieties include, without 
limitation: 

) 

XX XX XX 

'XX xxxx 

•XXXXJ& 

XX XX XXX 

xx xx 

^ X> h X* 
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wherein J is O, S, or NR 13 , E and Z are independently CR 13 
or NR 13 ; and R 13 is independently selected from the same 
group as that which defines R 9 in Formula (I) e.g. hydrogen, 
alkyls, etc. Isomers of the five and six-membered rings 
are also contemplated as well as benzo- and dibenzo- 
systems and their related congeners are also contemplated. 
It will also be appreciated by the artisan of ordinary skill that 
the aromatic rings can optionally be substituted with net- 
eroatoms such as O, S, NR 13 , etc. so long as Huckel's rule 
is obeyed. Furthermore, the aromatic or heterocyclic struc- 
tures may optionally be substituted with halogen(s) and/or 
side chains as those terms are commonly understood in the 
art. However, all structures suitable for Ar moieties of the 
present invention are capable of allowing the Y 3 and C(R a ) 
(R 4 ) moieties to be in a para or an ortho arrangement with 
the same plane as shown: 




where all variables are as defined above with regard to 
Formula (T). 

When the Ar moiety includes a para arrangement of the 
Y 3 and C(Rj)(R 4 ) moieties, preferred aspects of the present 
invention define (r), (s), (t), and (u) as one and R 2 and R s as 
being independently selected from the group consisting of 
methyl, C w alkyls, methyl, C 1-6 alkoxys, and methoxy. 
More preferably, R 2 and R 6 are either both methyl or 
methoxy moieties. Furthermore, R 3 and R 5 are preferably 
both hydrogen, Rj and R 4 are preferably either hydrogen, 
CH 3 or CH 2 CH 3 . are preferably O or NR la where R 12 
is H or a C 1-6 alkyl or substituted alkyl. More preferably, Y t 
and Y 4 are O. 

For purposes of the present invention, substituted alkyls 
include carboxyalkyls, aminoalkyls, dialkylaminos, 
hydroxyalkyls and mercaptoalkyls; substituted cyclo alkyls 
include moieties such as 4-chIorocyclohexyl; aryls include 
moieties such as naphthyl; substituted aryls include moieties 
such as 3-bromophenyl; aralkyls include moieties such as 
toluyl; heteroalkyls include moieties such as ethylthiophene; 
substituted heteroalkyls include moieties such as 
3-mehtoxythiophene; alkoxy includes moieties such as 
methoxy; and phenoxy includes moieties such as 3- nitro- 
phenoxy. Halo- shall be understood to include fluoro, chloro, 
iodo and bromo. 
C. Linker Moiety Lj 

As shown above, the invention includes bifunctional 
KnMng moiety L x which when combined with 



forms an amino acid residue linker, or when (p) is greater 
than one, a peptide residue linker. 

Suitable amino acid residues can be selected from 
naturally-occurring or synthetic, i.e. non-naturally- 

10 occurring, amino acids including alanine, valine, leucine, 
isoleucine, glycine, serine, threonine, methionine, cysteine, 
phenylalanine, tyrosine, tryptophan, aspartic acid, glutamic 
acid, lysine, arginine, histidine or proline. Some preferred 
peptide residues include Gly— Phe— Leu— Gly (SEQ ID 

15 NO: 1) and Gly— Phe— Leu. It is noted that the terminal 
amino group of the amino acid or peptide residue will be 
proximal to R n (i.e. polymer). Peptides can be readily 
synthesized or obtained from commercial sources for inclu- 
sion herein. 

In alternative embodiments, L 2 includes the moiety (M) 
20 which is either an electron withdrawing group (designated 
herein as X), or a moiety containing a free electron pair 
positioned three to six atoms from the 



(designated herein as Q). 
j D. The Double Prodrug Linkage Portion 

The first labile bond of the double prodrug system, which 
joins the L 1 to 



is selected to hydrolyze, such as via an esterase catalyzed 
hydrolysis in vivo at a rate which generates sufficient 

40 amounts of the "second" prodrug compound within a suit- 
able time after administration. The term "sufficient amounts" 
for purposes of the present invention shall ineau an amount 
which may later undergo sufficient 1,4 or 1,6-benzyl elimi- 
nation in vivo to release the native compound and achieve a 

45 desired effect. Preferably, (n) is an integer from 1 to about 
12. More preferably, (n) is 1 or 2. 
1. The Electron Withdrawing Group X 

In those aspects of Formula (I) where L-i includes M, the 
moiety may be an electron withdrawing group, designated 

5 0 herein as X. For purposes of the present invention, "electron 
withdrawing groups" are groups which tend to pull shared 
. electrons toward themselves thereby making carbon more 
electro-positive. This, in mm, destabilizes the carbonyl 
moiety, causing more rapid hydrolysis. Thus, when X is in 

55 the a position to the ester, it modulates the rates of hydroly- 
sis and enzymatic cleavage. In particular, X cai 
such as 0, NR 12 , 



f I 



S, SO and S0 2 where Y 6 is the same as that defined by Y 2 
and R 12 is denned above, i.e. H, C 1j6 alkyls, branched 
; alkyls, aryls, etc. Preferably, however, when X is NR 12 , R 12 
is H, a C^g alkyl such as methyl or ethyl or substituted C 1-e 
alkyl. It is preferred that X is either O or NR 12 . 
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2. Q Portion of the Linker pounds of the present invention, i.e. those in which (n) is 1, 

Alternatively, when L x includes Q, which is a moiety have a t m for hydrolysis in plasma ranging from about 5 

containing a free electron pair positioned three to six atoms min utes to 12 hours. Preferably, the compositions have a 

" rom c plasma t 1/2 hydrolysis ranging from about 0.5 to about 8 

5 hours and most preferably from about 1 to about 6 hours. 

II 4 4. 1,4 or 1,6-Benzyl and Native Drug Regeneration 

C Once the hydrolysis of the double prodrug has taken the 
place in vivo, usually via esterase activity or pH moderated 

moiety, the polymer, R u , is preferably attached to Q via a 10 activity or cyclization reaction, the polymeric residue is 

heteroatom such as oxygen. In a preferred embodiment, the cleaved and the resultant second prodrug moiety remains. 

free electron pair is five atoms from this oxygen, Q can be According to the present invention, this prodrug entity will 

selected from the non-limiting list of alkyls or undergo a further step of a 1,4 or 1,6-benzyl elimination in 

cycloalkyls, aryls or aralkyl groups substituted with a mem- viyo fo duce ^ A ^ K(J ^ und b eIectron 

ber of the group consisting of O, S and NR,,. The free . . r . . . „ -T, , 

electron parfcan be anvwhere along the O moiety as long as migration causing the following irreversible decomposition 

the defined spacing between th free electron pair and Y 4 is which regenerates the drug. For example, when the Y 3 and 

maintained. CfRjXR,,) moieties of the double prodrugs of the present 

In these embodiments, is attached to Q via NR 12 , O, invention for a para arrangement, a representative reaction is 

or S. Thus, Q assists hydrolysis of the prodrug linkage by 2Q shown below with Y 2 , Y 3 , and Y 4 being 0; R 2 and R 4 being 

anchimeric assistance because the free electron pair moiety H; and G being C(0) — B where B is a residue of an 

can generate a three- to six-membered, but preferably five- ainine-containing target moiety (i.e. NH 2 -Drug). 




membered, ring by-product upon hydrolysis of the prefer- 
ably ester linkage. 

Q can also be selected from the group consisting of 
alkyls, cycloalkyls, aryls, aralkyl groups substituted with a 
member of the group consisting of NH, O, S, — CH 2 — C 
(O) — N(H) — , and ortho-substituted phenyls such as 




— HN O Ri 2 - 



3. Drug Generation Via Hydrolysis of the Prodrug 

The prodrug compounds of the present invention are 
designed so that the of hydrolysis is <t V2 ehrnination in 
plasma. 

The linkages included in the compounds have hydrolysis 
rates in the plasma of the mammal being treated with is short 
enough to allow sufficient amounts of the parent compounds, 
i.e. the amino- or hydroxyl-containing bioactive compound, 
to be released prior to elimination. Some preferred com- 



Although not shown, when the Y 3 and C (RJfR,,) of the 
45 double prodrugs of the present invention are in an ortho 
arrangement, the reaction proceeds in a similar manner. 

Substantially Non-Antigenic Polymers 

So The "double prodrug" compositions of the present inven- 
tion include a water-soluble polymer, R 31 . 

In preferred aspects of the invention, R xl includes a 
capping group A which can be hydrogen, C 1j6 alkyl 
moieties, carboxyalkyl, dialkyl acyl urea alkyls, or' a com- 

55 pound of formula (II) shown below which forms a bis- 
system. 



HL) 
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wherein G' is the same as G or another member of the group 
defined by G and the remaining variables are as set forth 
above with regard to Formula (I). 

Suitable examples of such polymers include polyalkylene 
oxides such as polyethylene glycols which are also prefer- 5 
ably substantially non-antigenic. The general formula for 
PEG and its derivatives, i.e. A-r-O — (CH^CH^O)^ — (CBy 
„— A, where (x) represents the degree of polymerization (i.e. 
10-2,300) or number of repeating units in the polymer chain 
and is dependent on the molecular weight of the polymer; (n) 10 
is zero or a positive integer; A is a capping group as defined 
herein, i.e. an — H, amino, carboxy, halo, C^g alkyl or other 
activating group and A' is the same as A or another Amoiety. 
Also useful as polypropylene glycols, branched PEG deriva- 
tives such as those described in commonly-assigned U.S. 15 
Pat. No. 5,643,575, "star-PEG's" and multi-armed PEG's 
such as those described in Shearwater Polymers, Inc. catalog 
"Polyethylene Glycol Derivatives 1997-1998", the disclo- 
sure of each is incorporated herein by reference. It will be 
understood that the water-soluble polymer will be function- 20 
alized for attachment to the linkage via M, X or Q herein. As 
an example, the PEG portion of the produgs can be the 
following non-limiting compouuds: — C(=Y) — (CH a ) n — 
0-^(CH 2 CH 2 0) ;c — A, C(=Y)^Y <CH,)„— O— 
(CH 2 CH 2 0) x — A and — C(=Y)— NR 12 — (Cl4)„— O— 25 
(CH 2 CH 2 0) -A, 

where Y is O or S and A, R 12 , (n) and (X) are as defined 
above. 

In many aspects of the present invention, polyethylene 
glycols (PEG's), mono-activated, alkyl-tenninated 30 

PAO's such as mono-methyl-terminated polyethylene gly- 
cols (mPEG's) are preferred when mono-substituted poly- 
mers are desired; bis-activated polyethylene oxides are ' 
preferred when di-substituted prodrugs are desired. 

In order to provide the desired hydrolyzable linkage, 35 
mono- or di-acid activated polymers such as PEG acids or 
PEG diacids can be used as well as mono- or di-PEG amines 
and mono- or di-PEG diols. Suitable PAO acids can be 
synthesized by first converting mPEG — OH to an ethyl ester 
followed by saponification. See also Gehrhardt, PL, et al. 40 
Polymer Bulletin 18:487 (1987) and Veronese, F. M., et al., 
J. Controlled Release 10; 145 (1989). Alternatively, the 
PAO-acid can be synthesized by converting mPEG — OH 
into a t -butyl ester followed by acid cleavage. See, for 
example, commonly assigned U.S. Pat. No. 5,605,976. The 45 
disclosures of each of the foregoing are incorporated by 
reference herein. 

Although PAO's and PEG's can vary substantially in 
number average molecular weight, polymers ranging from 
about 2,000 to about 100,000 daltons are usually selected for so 
the purposes of the present invention. Molecular weights of 
from about 5,000 to about 50,000 are preferred and 5,000 to 
about 40,000 are particularly preferred. The number average 
molecular weight of the polymer selected for inclusion in the 
"double prodrug" must be sufficient so as to provide suffi- 55 
cient circulation of the "double prodrug" before hydrolysis 
of the linker. Within the ranges provided above, polymers 
having molecular weight ranges of at least 20,000 are 
preferred in some aspects for chemotherapeutic and organic 
moieties. In the case of some nucleophiles such as certain 60 
proteins, enzymes and the like, polymers having a molecular 
weight range of from about 2,000 to about 20,000 are 
preferred. 

The polymeric substances includes herein are preferably 
water-soluble at room temperature. A non-limiting list of 65 
such polymers include polyalkylene oxide homopolymers 
such as polyethylene glycol (PEG) or polypropylene 



glycols, polyoxyethylenated polyols, copolymers thereof 
and block copolymers thereof, provided that the water 
solubility of the block copolymers is maintained. 

As an alternative to PAO-based polymers, effectively 
non-antigenic materials such as dextran, polyvinyl alcohols, 
carbohydrate-based polymers, hydroxypropylmethacryla- 
mide (HPMA), and copolymers thereof, etc. and the like can 
be used if the same type of activation is employed as 
described herein for PAO's such as PEG. Those of ordinary 
skill in the art will realize that the foregoing list is merely 
illustrative and that all polymeric materials having the 
qualities described herein are contemplated. For purposes of 
the present invention, "effectively non-antigenic" means all 
polymeric materials understood in the art as being nontoxic 
and not eliciting an appreciable immune response in mam- 



F. Polymeric Double Prodrug Transport System 
Synthesis 

Synthesis of representative, specific prodrugs is set forth 
in the Examples. Generally, however, the double prodrugs of 
the present invention can be prepared in several fashions. 
See FIG. 1. Thus, one method includes 

a. providing an intermediate compound (III) 



where M 

2is a cleavable or reversible protecting group, B 2 is H, 
OH, 



or a leaving group and all other variable are as set forth 
above with regard to Formula (I). 

b. removing the protecting group such as by treating the 
intermediate compound (Ilia) with a strong acid such 
as TFA (trifluoroacetic acid) or other trihaloacetic acid, 
HC1, sulfuric acid, etc., or tetrabutyl ammonium 
fluoride, 

c. reacting the resultant unprotected, intermediate com- 
pound (Ilia) with a moiety capable of reacting with a L f 
such a an activated polymer, i.e. a polymer having a 
reactive functional group, e.g. p-nitrophenyl or succin- 
imidyl carbonate, carbonyl imidazole, thiazolidyl 
thione or the like, and optional spacer group, i.e. 
Cr 5 R 10 , to form an intermediate activated double pro- 
drug transport form of formula (IV): 
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d. reacting the intermediate activated double prodrug 
transport form (IV) with an activating moiety donor 
such as p-nitrophenyl chloride (PNP-C1) (forming, for 
example, compound (V) in FIG. 1); and optionally 

e. attaching an amiae-containing or hydroxyl-containing 
compound residue, e.g. the drug to be transported, to 
compound (V) by displacig the leaving group in a 
substitution reaction with an amine- or hydroxyl- 
containing compound benzyl derivative. Similar tech- 
niques are employed when other aromatic moieties are 
used as starting materials. 

Alternatively, as also shown in FIG. 1 with an amine- 
containing compound for illustrative purposes, the double 
prodrug can be prepared by 

a. providing an intermediate compound (III) as shown in 
the first method above and reacting it with an activating 
moiety donor such as p-nitrophenyl chloride (PNP — 
CI) forming (VI) in FIG. I; 

b. attaching an amine-containing or hydroxyl-containing 
compound, e.g. the drug to be transported, to the 
activated intermediate compound (VI); 

c. removing the protecting group to form VII in FIG. 1 (in 
the same manner as described above); and 

d. reacting the unprotected intermediate (VIII in FIG. 1) 
with an activated polymer to form the double prodrug. 

Although not illustrated in FIG. 1, the reaction scheme for 
a hydroxyl-containing compound would nonetheless pro- 
ceed in a similar manner. 

As shown in FIG. 1, intermediate compound (III) can be 
prepared using standard organic synthesis techniques in 
which a hydroxy benzyl alcohol or other hydroxy aromatic 
alcohol is acylated with a spacer providing moiety. 

In the third method illustrated in FIG. 1, a hydroxy or 
amino aromatic alcohol such as hydroxy-benzyl or amino- 
benzyl alcohol is reacted with an activated polymer to form 
(IV) which is then converted to the final product following 
steps d) and e) of the first method described above. 

Examples of suitable o-hydroxybenzyl alcohols include 
6-hydroxybenzyl alcohol, 6-hydroxy-3,5-dimethylbenzyl 
alcohol, 6-hydroxy-3,5-dimethoxybenzyl alcohol, 
6-hydrnxy-3-rriethoxybenzyl alcohol. 

Examples of suitable p»hydroxybenzyl alcohols include 
4-hydroxybenzyl alcohol, 4-hydioxy-3,5-dimethylbenzyl 
alcohol, 4-hydroxy-3,5-dimethoxybenzyl alcohol, 
4-hydroxy-3-methoxybenzyl alcohol. 

Examples of suitable aminobenzyl alcohols include 
2-aminobenzyl alcohol, 4-aminobenzyl alcohol, and 
2-amino-3-methyl-or 3-afkyl benzyl alcohols. 

Preferably, the final prodrugs are prepared in an inert 
solvent such as methylene chloride, chloroform, toluene, 
DMF or mixtures thereof. The reaction also preferably is 
conducted in the presence of a base, such as 
dimethylaminopyridine, diisopropylethylamine, pyridine, 
friemykmine, etc), to neutralize any acids generated and at 
a temperature from -10° C. up to about 45° C. The resulting 
conjugated prodrug composition is then recovered or iso- 



lated using techniques known to those of ordinary skill, i.e. 
filtered, recrystallized. 



The Leaving Group or Residue Portion "B" 
1. Leaving Groups 

In those aspects where leaving group, suitable leaving 
groups include, without limitations, moieties such as 

10 N-hydroxybenzotriazolyl, halogen, N-hydroxyphthalimidyl, 
p-nitrophenoxy, imidazolyl, N-hydroxysuccinimidyl, thia- 
zolidinyl thione, or other good leaving groups as will be 
apparent to those of ordinary skill. The synthesis reactions 

1S used and described herein will be understood by those of 
ordinary skill without undue experimentation. 

For example, the acylated intermediate compound (in) 
can be reacted with such as 4-nitrophenyl-chlorofonnate, 
disucciniraidyl carbonate (DSC), carbonyldiimidazole, thia- 

20 zolidine thione, etc. to provide the desired activated deriva- 
tive. 

The acylation of the p-hydroxybenzyl alcohol or the 
p-aminobenzyl alcohol and the o-hydroxybenzyl alcohol or 
25 the o-aminobenzyl alcohol can be carried out with, for 
example, thiazolidine thione activated polymers, succinim- 
idyl carbonate activated polymers, carboxylic acid activated 
polymers, blocked amino acid derivatives. 

30 Once in place, the "activated" form of the PEG prodrug 
(or blocked prodrug) is ready for conjugation with an amine- 
or hydroxyl-containing compound. Some preferred acti- 
vated transport forms are shown below. 



PEGO— O— O- 



PEG-0 C ( 



PEG-0 — C — O- 
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PEG-HN C < 



2. Residues of Amine-containing Compounds 
In some aspects of the invention, e.g. after the prodrug 
transport has been formed, B is a residue of an amine- 
containing compound, a non-limiting list of such suitable 2 5 
compounds include residues of organic compounds, 
enzymes, proteins, polypeptides, etc. Organic compounds 
include, without limitation, moieties such as antbracycline 
compounds including daunorubicin, doxorubicin, 
p-aminoaniline mustard, melphalan, Ara-C (cytosine 30 
arabiooside) and related anti-metabolite compounds, e.g., 
gemcitabine, etc. Alternatively, B can be a residue of an 
amine-containing cardiovascular agent, anti-neoplastic, 
anti-infective, anti-fungal such as nystatin and amphotericin 
B, anti-anxiety agent, gastrointestinal agent, central nervous 35 
system^activated agent, analgesic, fertility agent, contracep- 
tive agent, anti-inflammatory agent, steroidal agent, anti- 
urecemic agent, vasodilating agent, vasoconstricting agent, 
etc. 

Suitable proteins, polypeptides, enzymes, peptides and 40 
the like having at least one available amino group for 
polymer' attachment include materials which have physi- 
ological or pharmacological activities as well as those which 
are able to catalyze reactions in organic solvents. The only 
other requirement of the amine-containing materials is that 45 
they maintain at least some portion of the activity associated 
with the unmodified protein, enzyme, peptide, etc. after the 
prodrug transport portion has hydrofyzed. 

Proteins, polypeptides and peptides of interest include, 
but are not limited to, hemoglobin, serum proteins such as so 
blood factors including Factors VII, VIII, and IX, 
immunoglobulins, cytokines such as interleukins, i.e. IL-1 
through IL-13, a-, P- and y- and consensus interferons, 
colony stimulating factors including granulocyte colony 
stimulating factors, platelet derived growth factors and 55 
phospholipase-activating protein (FLAP). Other proteins of 
general biological or therapeutic interest include insulin, 
plant proteins, such as lectins and ricins, tumor necrosis 
factors and related proteins, growth factors such as trans- 
forming growth factors, such as TGFa's or TGF[3's and 60 
epidermal growth factors, hormones, somatomedins, 
erythropoietin, pigmentary hormones, hypothalmic releas- 
ing factors, antidiuretic hormones, prolactin, chorionic 
gonadotropin, follicle-stimulating hormone, thyroid- 
stimulating hormone, tissue plasminogen activator, and the 65 
like. Immunoglobulins of interest include IgG, IgE, IgM, 
IgA, IgD and fragments thereof. 



Some proteins as the interleukins, interferons and colony 
stimulating factors also exist in non-glycosylated form, 
usually as a result of using recombinant techniques. The 
non-glycosylated versions are also among the proteins of the 
present invention. 

Enzymes of interest include carbohydrate-specific 
enzymes, proteolytic enzymes, oxidoreductases, 
transferases, hydrolases, lyases, isomerases and ligases. 
Without being limited to particular enzymes, examples of 
1 enzymes of interest include asparaginase, arginase, arginine 
deaminase, adenosine deaminase, superoxide dismutase, 
■endotoxinases, catelases, chymotrypsin, lipases, uricases, 
adenosine diphosphatase, tyrosinases and bilirubin oxidase. 
Carbohydrate-specific enzyme of interest include glucose 
> oxidases, glucodases, galactosidases, glucocerebrosidases, 
glucouronidases, etc. 

Also included herein is any portion of a polypeptide 
demonistrating in vivo bioactivny This includes amino acid 
sequences, nucleic acids (DNA, RNA) peptide nucleic acids 
) (PNA), antibody fragments, single chain binding proteins, 
see, for example U.S. Pat. No. 4,946,778, disclosure of 
which is incorporated herein by reference, binding mol- 
ecules including fusions of antibodies or fragments, poly- 
clonal antibodies, monoclonal antibodies and catalytic anti- 
bodies. 

The proteins or portions thereof can be prepared or 
isolated by using techniques known to those of ordinary skill 
in the art such as culture, extraction from animal sources, or 
by recombinant DNA methodologies. Transgenic sources of 
the proteins, polypeptides, amino acid sequences and the 
like are also contemplated. Such materials are obtained from 
transgenic animals, i.e., mice, pigs, cows, etc., wherein the 
proteins are expressed in milk, blood or tissues Transgenic 
insects and baculovirus expression systems are also contem- 
plated as sources. Moreover, mutant versions of proteins, 
such as mutant interferons are also within the scope of the 



Other proteins of interest are allergen proteins such as 
ragweed, Antigen E, honeybee venom, mite allergen, and the 
like. The foregoing is illustrative of the proteins which are 
suitable for the present invention. It is to be understood that 
those proteins, as defined herein, not specifically mentioned 
but having an available amino group are also intended and 
are within the scope of the present invention. 

In a preferred aspect of the invention, the amino- 
containing compound is a biologically active compound that 
is suitable for medicinal or diagnostic use in the treatment of 
animals, e.g., mammals, including humans, for condition for 
which such treatment is desired. The foregoing list is meant 
to be illustrative and not limiting for the compounds which 
can be modified. Those of ordinary skill will realize that 
other such compounds can be similarly modified without 
undue experimentation. It is to be understood that those 
biologically active materials not specifically mentioned but 
having suitable amino-groups are also intended and are 
within the scope of the present invention. 

The only limitations on the types of amino-containing 
molecules suitable for inclusion herein is that there is 
available at least one (primary or secondary) amine contain- 
ing position which can react and fink with a carrier portion 
and that there is not substantial loss of bioactivity after the 
double prodrug system releases and regenerates the parent 
compound. 

It is noted that parent compounds suitable for incorpora- 
tion into the double prodrug compositions of the invention, 
may themselves be substances/compounds which are not 
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active after hydrolytic release from the linked composition, 
but which will become active after undergoing a further 
chemical process/reaction. For example, an anticancer drug 
that is delivered to the bloodstream by the double prodrug 
transport system, may remain inactive until entering a cancer 
or tumor cell, whereupon it is activated by the cancer or 
tumor cell chemistry, e.g., by an enzymatic reaction unique 
to that cell. 

After conjugation, the remaining arnine-containing com- 
pound is referred to as the residue of the unconjugated 
compound 

3. Residues of Hydroxyl-Containing Compounds 

a. Camptotecin and Related Topoisomerase I Inhibitors 

Camptothecin is a water-insoluble cytotoxic alkaloid pro- 
duced by Camptotheca accummata trees indigenous to 
China and nothapodytes foetida trees indigenous to India. 
Camptothecin and related compounds and analogs are also 
known to be potential anticancer or antitumor agents and 
have been shown to exhibit these activities in vitro and in 
vivo. Camptothecin and related compounds are also candi- 
dates for conversion to the double prodrugs of the present 
invention. Camptothecin and certain related analogues share 
the structure: 




From this core structure, several known analogs have 
been prepared. For example, the A ring in either or both of 
the 10- and 11-positions can be substituted with an OH. The 
A ring can also be substituted in the 9-position with a 
straight or branched C^alkyl or C 3 _ a alkoxy, optionally 
linked to the ring by heteroatom i.e. — O or S. The B ring can 
be substituted in the 7-position with a straight or branched 
C-l^o alkyl or substituted alkyl-, cycloalkyl C^q 

alkoxy, phenyl alkyl, etc., alkyl carbamate, alkyl carbazides, 
phenyl hydrazine derivatives, amino-, amino alkyl-, aralkyl, 
etc. Other substitutions are possible in the C, D and E rings. 
See, for example, U.S. Pat. Nos. 5,004,758; 4,943,579; Re 
32,518, the contents of which are incorporated herein by 
reference. Such derivatives can be made using known syn- 
thetic techniques without undue experimentation. Preferred 
camptothecin derivatives for use herein include those which 
include a 20-OH or another OH moiety which is capable of 
reacting directly with activated forms of the polymer trans- 
port systems described herein or to the linking moiety 
intermediates, e.g. iminodiacetic acid, etc., which are then 
attached to a polymer such as PEG. Reference to camptoth- 
ecin analogs herein ha been made for purposes of illustration 
and not limitation. 
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b. Taxanes and Paclitaxel Derivatives 



One class of compounds included in the double prodrug 
5 compositions of the present invention is taxanes. For pur- 
poses of the present invention, the term "taxane" includes all 
compounds within the taxane family of terpenes. Thus, taxol 
(paclitaxel), 3'-substituted tert-butoxy-carbonyl-amine 
derivatives (taxoteres) and the like as well as other analogs 
10 which are readily synthesized using standard organic tech- 
niques or are available from commercial sources such as 
Sigma Chemical of St. Louis, Mo. are within the scope of the 
present invention. Representative taxanes are shown below. 



20 




OBz 

25 Paclitaxel: R'i = QH 5 ; R' 2 = CH 3 CO; 
Taxotere: R'j = (CH 3 ) 3 CO; R' 2 = H 



These derivatives have been found to be effective anti- 
cancer agents. Numerous studies indicate that the agents 
have activity against several malignancies. To date, their use 
has been severely limited by, among other things, their short 

35 supply, poor water solubility and hypersensitivity. It is to be 
understood that other taxanes including the 7-aryl- 
carbamates and 7-carbazates disclosed in commonly 
assigned U.S. Pat. Nos. 5,622,986 and 5,547,981 can also be 
included in the double prodrugs of the present invention. 

40 The contents of the foregoing U.S. patents are incorporated 
herein by reference. The only limitation on the taxane is that 
it must be capable of undergoing a hydroxyl based substi- 
tution reaction such as at the 2' position. Pacitaxel, however, 
is a preferred taxane. 

45 

c. Additional Biologically-Active Moieties 



so In addition to the foregoing molecules, the double pro- 
drug formulations of the present invention can be prepared 
using many other compounds. For example, biologically- 
active compounds such as gemcitabine: 



55 



60 
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etoposide: 




OH 



triazole-based antifungal agents such as fluconazole: 



or ciclopirox: 




can be used. 

The parent compounds selected for double prodrug forms 
need not be substantially water-insoluble, although the 
polymer-based double prodrugs of the present invention are 
especially well suited for delivering such water-insoluble 
compounds. Other useful parent compounds include, for 
example, certain low molecular weight biologically active 
proteins, enzymes and peptides, including peptido glycans, 
as well as other anti-tumor agents; cardiovascular agents 
such as forskolin; anti-neoplastics such as combretastatin, 
vinblastin, doxorubicin, Ara-C, maytansin, etc; anti- 
infectives such as vancomycin, erythromycin, etc.; anti- 
fungals such as nystatin, amphoteracin B, triazoles, 
papulocandins, pneumocandins, echinocandins, polyoxins, 
nikkomycins, pradimicins, benanomicins, etc. see, "Antibot- 
ics That Inhibit Fungal Cell Wall Development" Armu. Rev. 
Microbiol. 1994, 48:471-97, the contents of which are 
incorporated herein by reference, anti-anxiety agents, gas- 
trointestinal agents, central nervous system-activating 
agents, analgesics, fertility or contraceptive agents, anti- 
inflammatory agents, steroidal agents, anti-urecemic agents, 
cardiovascular agents, vasodilating agents, vasocoustricting 
agents and the like. 

It is noted that parent compounds suitable for incorpora- 
tion into the double prodrug compositions of the invention, 
may themselves be substances/compounds which are not 
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active after hydrolytic release from the linked composition, 
but which will become active after undergoing a further 
chemical process/reaction. For example, an anticancer drag 
that is delivered to the bloodstream by the double prodrug 
5 transport system, may remain inactive until entering a cancer 
or tumor cell, whereupon it is inactivated by the cancer or 
. tumor cell chemistry, e.g., by an enzymatic reaction unique 
to that cell. 

After conjugation, the remaining amine-or hydroxyl- 
10 containing compound is referred to as the residue of the 
unconjugated compound. 
4. Polymeric Hybrids 

In another aspect of the invention there are provided 
hybrid types of the polymeric double prodrug transport 
system described herein. In particular, the hybrid system 

15 includes not only the reversible double prodrug system 
described above but also a second polymeric transport 
system based on more permanent types of linkages. The 
hybrids can be prepared by at least two methods. For 
example, the benzyl-elimrnation-based double prodrug can 

20 be synthesized first and then PEGylated using any art- 
recognized activated polymer such as thiazolidinyl thione- 
or succinimidyl carbonate-activated PEG. Alternatively, the 
more permanent conjugation reaction can be performed first 
and the resultant conjugates can be used to for the double 

25 prodrug conjugates described herein. It will be understood 
that the hybrid systems will be better suited for proteins, 
enzymes and the like where multiple amino groups are 
available for attachment of the polymeric transport forms. 
For purposes of the present invention, "activated polymers" 
will be understood to include polymers containing one or 
more terminal groups which are capable of reacting with one 
or more of a-amino groups, e-amino groups, histidine 
nitrogens, carboxyl groups, sulfhydryl groups, etc. found on 
enzymes, proteins etc., as well as such groups found on 
yntb 1 illy prep ' r ' ni m p " rt1 (t will further be 

35 appreciated that the activating groups described below can 
also be used to form the activated transport forms described 
above. 

The activating terminal moiety can be any group which 
facilitates conjugation of the polymers with the biologically 

40 active material, i.e. protein, enzyme, etc. either before or 
after the double prodrug transport system of the present 
invention has been synthesized. See, for example, U.S. Pat. 
No. 4,179,337, the disclosure of which is hereby incorpo- 
rated by reference. Such activating groups can be a moiety 

45 selected from: 

I. Functional groups capable of reacting with an amino 
group such as 

a) carbonates such as the p-nitrophenyl, or succinim- 
idyl; see, for example, U.S. Pat. No. 5,122,614, the 

so disclosure of which is hereby incorporated by refer- 

b) carbonyl imidazole; 

c) azlactones; see, for example, U.S. Pat. No. 5,349, 
001, the disclosure of which is hereby incorporated 

55 by reference; 

d) cyclic imide thiones see, for example, U.S. Pat No. 
5349,001, the disclosure of which is hereby incor- 
porated by reference; 

e) isocyanates or isothiocyanates; or 

60 f) active esters such as N-hydroxy-succinimidyl or 
N-hydroxybenzotriazolyl. 

II. Functional groups capable of reaction with carboxylic 
acid groups and reactive carbonyl groups such as: 

a) primary amines; or 
65 b) hydrazine and hydrazide functional groups such as 
the acyl hydrazides, carbamates, semicarbamates, 
thiocarbazates, etc. 



Another aspect of the present invention provides methods 

of treatment for various medical conditions in mammals. A solution of 5.0 g (1.0 mmol) of la in 75 raL of toluene 

The methods include administering to the mammal in need 20 w f s azeotroped^ for 2 hours while removing^ 25 ml of 

of such treatment, an effective amount of a composition of ' ' ' 
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HI. Functional groups capable of reacting with mercapto restrict the effective scope of the invention. The compound 

or sulfhydryl groups such as phenyl glyoxals; see, for numbers mentioned in the examples refer to the compounds 

example, U.S.' Pat. No. 5,093,531, the disclosure of identified in FIGS. 2-6. 

which is hereby incorporated by reference; 
IV. Functional groups capable of reacting with hydroxyl 5 • Example 1 

groups such as (carboxylic) acids or other nucleophiles Synthesis of compound (2a): 

capable of reacting with an electropMic center. A A solution of 10.0 g (2.0 mmol) of mPEG 5 kDa thiazo- 
non-hrmtmg list includes, for example hydroxyl, . activate V carbamate, 0.5 g (4.0 mmol) of 

a^no.carboxyUthrolgroups.actxvemethyleneandthe ^ 4 . hydroxybenzyl a i cohol and 05 g g ( J 0 mmol) ; of 
The activating moiety can also include a spacer moiety 4-(dimethylamino)pyridine (PMAP) rn 50 mL of dry rneth- 
located proximal to the polymer. The spacer moiety may be y lene C "°/ lde ™ refluxed for 18 ^ ™ e Solveflt Was 
a heteroalkyl, alkoxy, alkyl containing up to 18 camon f? 3 ™ 6 . h &0m ™xtare b / Ration in vacuo 

„, „ „, „:„,„ „ j . , u ■ followed by crystallization of the residue from 2-propanol to 

atoms or even an additional polymer chain, fhe spacer y > rf 

n added using standard synthesis techniques. 15 J & v J ' 

13 C NMR (67.80 MHz, CDC1 3 ) 5 58.15, 62.97, 
Methods of Treatment 66.86-71.14 (PEG), 120.01, 126.98, 138.97, 149.35, 

152.79. 
Asolu 

toluene/water. The reaction mixture was cooled t< 
the invention, as describee] I herein, such as a donbl7prodrug followed by the addition of 0.4 g (2.0 mmol) of 
of doxorubicin. The prodrug compositions are useful for, 4-nitrophenylchloroformate (PNP-C1) and 0.26 g (2.0 
among other things, treating diseases which are similar to mmo1 ) of diisopropylethylamine (DIEA). This mixture was 
those which are treated with the parent compound, e.g. 25 stirred for 18 hours at 50-55° C. followed by cooling and 
enzyme replacement therapy, neoplastic disease, reducing removal of the solvent by distillation in vacuo. The residue 
tumor burden, preventing metastasis of neoplasms and pre- was crystallized from 20% methylene chloride in ethyl ether 
venting recurrences of tumor/neoplastic growths in mam- to 3 - 7 S ( 70% 5 deld ) of P roduct 2a - 
mals. 13 C NMR (67.80 MHz CDCL,) 6 58.25, 67.14-71.21 

The amount of. the prodrug that is administered will 30 (PEG), 120.72, 121.24, 124.58, 129.32, 131.44, 144.71, 
depend upon the amount of the parent molecule included 150.79, 154.78, 151.63, 152.64. 
therin. Generally, the amount of prodrug used in the treat- 

raent methods is that amount which effectively achieves the Example 2 

desired therapeutic result in mammals. Naturally, the dos- 35 Synthesis of compound (2b): 

ages of the various prodrug compounds will vary somewhat ' c olmd 2b ^ d in a similar malmer to com . 

depending upon the parent compound, rate of m vivo d 2a usi , ^ kDa pEG ditniazo]idille Mone car . 

hydrolysis, molecular weight of the polymer, etc. In general, £ mate in ^ of ^ 5 kDa p£G 
double prodrug polymeric derivatives are administered in 

amounts ranging from about 5 to about 500 mg/m 2 per day, m Example 3 

based on the native drug. The range set forth above is 

illustrative and those skilled in the art will determine the Synthesis of compound (4a): 

optimal dosing of the prodrug selected based on clinical A solution of 10.0 g (2.0 mmol) of mPEG 5 kDa acid, 1 .0 

experience and the treatment indication. Actual dosages will g (8.0 mmol) of 4-hydroxybenzyl alcohol and 1.0 g (8.0 
be apparent to the artisan without undue experimentation. 4J mmol) of DMAP in 100 mL of dry methylene chloride was 
The compositions, including prodrugs, of the present cooled to 0° C. followed by the addition of 1.0 g (8.0 mmol) 
invention can be included in one or more suitable pharma- of diisopropylcarbomimide (DIPC). The reaction mixture 
ceutical compositions for administration to mammals. The was allowed to slowly warm to room temperature overnight, 
pharmaceutical compositions may be in the form of a The solvent was removed by distillation in vacuo, and the 
solution, suspension, tablet, capsule or the like, prepared 50 residue was crystallized from 2-propanol to yield 8.6 g (83% 
according to methods well known in the art. It is also yield) of product 3a. 

contemplated mat administration of such compositions may 13 C NMR (67.80 MHz CDC1 3 ) 8 57.88, 62.65, 

be by the oral and/or parenteral routes depending upon the 67.54-71.13 (PEG), 120.17, 126.77, 138.85, 148.20, 
needs of the artisan. A solution and/or suspension of the 167.92. 

composition may be utilized, for example, as a carrier ss Compound 3a can also be made using mPEG 5 kDa 
vehicle for injection or infiltration of the composition by any thiazolidine thione amide in place of the mPEG 5 kDa acid, 
art known methods, e.g., by intravenous, intramuscular, hi the presence of DMAP and 4-hydroxybenzyl alcohol in 
subdermal injection and the like. ■ methylene chloride. 

Such administration may also be by infusion into a body A solution of 3.0 g (0.58 mmol) of 3a in 75 mL of toluene 

space or cavity, as well as by inhalation and/or intranasal erj was azeotroped for 2 hours while removing 25 mL of 
routes. In preferred aspects of the invention, however, the toluene/water. The reaction mixture was cooled to 30° C. 

followed by the addition of 0.23 g (1. 1 mmol) of PNP-C1 and 
0.15 g (1.2 mmol) of DIEA This mixture was stirred for 18 
hours at 50-55° C. followed by cooling and removal of the 
; solvent by distillation in vacuo. The residue was crystallized 
The following examples serve to provide further appre- from 20% methylene chloride in ethyl ether to yield 2.4 g 
ciation of the invention but are not meant in any way to (77% yield) of product 4a. 
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13 C NMR (67.80 MHz, CDC1 3 ) 5 57.90, 67.53-70.92 Example 7 
(PEG), 120.85, 121.06, 124.32, 129.03, 131.23, 144.42, 

149.67, 154.52, 151.34, 167.79. Synthesis of compound (6c): 

A solution of 6.0 g (0.15 mmol) of (di-SC)-PEG 40 kDa 

Example 4 5 and 0.6 g (4.0 mmol) of 3,5-dimethyl-4-hydroxy benzyl 
alcohol in 60 mL of dry methylene chloride was refluxed 

Synthesis of compound (4b): overnight. The solvent was removed by distillation in vacuo, 

A solution of 4.0 g (0.1 mmol) of 40 kDa PEG- and the residue was crystallized from 2 : propanol to yield 5.4 

dithiazolidine thione amide, 0.26 g (2.1 mmol) of g (90% yield of product 5c. 

4-hydroxybenzyl alcohol and 0.25 g (2.1 mmol) of DMAP 10 «c NMR (67.80 MHz, CDCL,) 8 15.49, 63.44, 67.06, 

in 40 mL of dry methylene chloride was refluxed overnight. 68 31j 68.58-70.90 (PEG), 126.53, 129.37, 138.79, 146.78, 

The solvent was removed by distillation in vacuo, and the 152 36 

^idronoSlb^ fr ° m 2 " Pr ° Pan01 to y ield34 e( 85% Asoiutiou of 2.0g(0.05 mmol) of 5c in 80 mL of toluene 

' F ' was azetroped for 2 hours while removing 40 mL of toluene/ 

13 C NMR (67.80 MHz, CDC1 3 ) 5 63.57, 68.36-71.86 15 water . ^ reaction mixture was to 30 ° C . followed 

(PEG), 120.69, 127.31, 139.15, 149.25, 168.21. by the addition of 0 .04 g (0.2 mmol) of PNP-C1 and 0.03 g 

A solution of 3.0 g (0.07 mmol) of 3b in 140 mL of (0.2 mmol) of DIEA. This mixture was stirred for 18 hours 

toluene was azeotroped for 2 hours while removing 40 mL at 50-55° C. followed by cooling and removal of the solvent 

of toluene/water. The reaction mixture was cooled to 30° C. by distillation in vacuo. The residue was crystallized from 

followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 20 20% methylene chloride in ethyl ether to yield 1 .7 g (85% 

0.04 g (0.3 mmol) of DIEA This mixture was stirred for 18 yield) of product 6c. 

hours at 50-55° C. followed by cooling and removal of the J3 c NMR (67.80 MHz, CDC1 3 ) 8 15.44, 67.21, 68.23, 

solvent by distillation in vacuo. The residue was crystallized 68.61-71.26 (PEG), 121.29, 124.65, 128.54, 130.19, 

from 20% methylene chloride in ethyl ether to yield 2.4 g 131 41 144 79 143 11 151 73, 152 14 154.91. 

(77% yield) of product 4b. 25 

13 C NMR (67.80 MHz, CDC1 3 ) 5 68.47-71.32 (PEG) Example 8 

12945 ' 131% - ~* m15 - 

3Q A solution of 3.0 g (0.6 mmol) of mPEG 5 kDa thiazo- 
Example 5 lidine thione activated carbamate, 0.24 g (1.3 mmol) of 

4-hydroxy-3,5-dimethoxybenzyl alcohol and 0.16 g (1.3 
Synthesis of compound (6a): mmol) of DMAP in 50 mL of dry methylene chloride was 

A solution of 2.5 g (0.5 mmol) of mPEG 5 kDa thiazo- refluxed for 18 hours. The solvent was removed from the 
lidine thione carbamate, 0.16 g (1.0 mmol) of 4-hydroxy- 3S reaction mixture by distillation in vacuo followed by crys- 
3,5-dimethylbenzyl alcohol and 0. 12 g (1 .0 mmol) of DMAP ~ taliization of the residue from 2-propanol to yield 2.8 g (90% 
in 50 mL of dry methylene chloride was refluxed for 18 y ield ) of alcoho1 7a - 

hours. The solvent was removed from the reaction mixture 13 C NMR (67.80 MHz, CDC1 3 ) 8 55.64, 57.94, 63.69, 

by distillation in vacuo followed by crystallization of the 67.09-71.32 (PEG), 103.26, 129.15, 139.97, 151.70, 
residue from 2-propanol to yield 2.2 g (85% yield) of 40 152.14. 

alcohol 5a. A so i ut i ori 0 f 2 .5 g (0.5 mmol) of 7a in 75 mL of toluene 

13 C NMR (67.80 MHz CDC1 3 ) 8 15.10, 57.94, 63.25, was azetroped for 2 hours while removing 25 mL of toluene/ 
66.96-71.71 (PEG), 126.30, 129.19, 138.87, 149.90, water. The reaction mixture was cooled to 30° C. followed 
152.12. by the addition of 0.19 g (1.0 mmol) of PNP-C1 and 0.12 g 

Asolution of 2.2 g (0.42 mmol) of 5a in 75 mL of toluene 45 < 10 mmol > of DIEA - **** mixture was stirred for 18 hmrs 
was azeotroped for 2 hours while removing "25 mL of C. followed by doling and removal of ^solvent 

toluene/water. The reaction mixture was cooled to 30° C. ^lishllation m vacuo. The residue was crystallized from 
followed by the addition of 0.17 g (0.85 mmol) of PNP-C1 20% methylene chlonde in ethyl ether to yield 2.3 g (88% 
and 0.11 g (0.85 mmol) of DIEA. This mixture was stirred of 8a " 

for 18 hours at 50-55° C. followed by cooling and removal 50 13 C NMR (67.80 MHz, CDCI 3 ) 8 56.08, 58.32, 
of the solvent by distillation in vacuo. The residue was 67.59-71.63 (PEG), 105.51, 121.29, 124.76, 130.00, 
crystallized from 20% methylene chloride in ethyl ether to 13243, 145.32, 151.88, 155.22, 152.09, 152.34, 152.35. 
yield 1.9 g (86%) of product 6a. 

13 C NMR (67.80 MHz, CDC1 3 ) 8 1 5.28, 58.14, 55 Example 9 

67.32-71.50 (PEG), 121.19, 124.58, 12831, 13031, Synthesis of compound (8b): 

131.65, 145.16, 148.39, 151.73, 152.09, 155.15 Compo]md ?b was prepared ^ , ^ maimer fo 



Example 



:ompovjnd 7a using a 40 kDa PEG dithiazolidine thione 
' " "n place of the 5 kDa PEG. 



Synthesis of compound (6b): 60 13 C NMR (67.80 MHz, CDCL3) 8 55.93, 64.27, 67.97, 

Compound 6b was prepared in a similar manner to 68.68-72.04 (PEG), 103.60, 140.09, 152.01, 167.61. 

compound 6a using a 40 kDa PEG dithiazolidine thione Compound 8b was prepared in a similar manner to 

■ amide in place of the 5 kDa PEG. compound 8a using 7b in place of 7a. 

13 C NMR (67.80 MHz, CDC1 3 ) 8 15.78, 63.86, 68.10, 65 13 C NMR (67.80 MHz, CDC1 3 ) 8 56.11, 67.98, 

68.71-71.58 (PEG), 126.71, 129.58, 139.87, 14839, 6836-71.47, 105.56, 105.62, 124.79, 132.56, 145.46, 

152.09, 167.66. 151.93, 152.38, 15532, 167.46, 167.49. 
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Example 10 
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Example 14 



Synthesis of compound (10a): 

A solution of 3.0 g (0.6 mmol) of mPEG 5 kDa thiazo- 
lidine thione carbamate, 0.2 g (1.3 mmol) of 4-hydroxy-3- 
methoxybenzyl alcohol and 0.14 g (1.1 mmol) of DMAP in 
40 mLof dry methylene chloride was remixed for IS hours. 
The solvent was removed from the reaction mixture by 
distillation in vacuo followed by crystallization of the resi- 
due from 2-propanol to yield 2.4 g (77% yield) of product 
9a. 

13 C NMR (67.80 MHz, CDC1 3 ) 5 54.94, 57.94, 62.99, 
66.82-70.97 (PEG), 110.13, 117.54, 120.95, 138.03, 140.38, 
150.13, 152.25. 

Asolution of 2.2 g (0.42 mmol) of 9a in 70 mL of toluene 
was azeotroped for 2 hours while removing 30 mL of 
toluene/water. The reaction mixture was cooled to 30° C. 
followed by the addition of 0.20 g (0.9 mmol) of PNP-C1 and 
0.11 g (0.9 mmol) of DIEA. This mixture was stirred for 18 
hours at 50-55° C. followed by cooling and removal of the 
solvent by distillation in vacuo. The residue was crystallized 
from 20% methylene chloride in ethyl ether to yield 1.1 g 
(48% yield) of product 10a. 

13 C NMR (67.80 MHz, CDC1 3 ) 8 55.84, 58.32, 
67.54-71.62 (PEG), 112.97, 120.52, 121.29, 122.21, 124.75, 
133.05, 140.64, 145.29, 151.21 and 155.22, 151.88, 152.51. 

Example 11 
Synthesis of compound (10b): 

Compound 10b is prepared in a similar manner to com- 
pound 10a using a 40 kDa PEG dithiazolidine thione amide 
in place of the 5 kDa PEG. 

Example 12 
Synthesis of compound (12b): 

Asolution of 4.0 g (0.1 mmol) of disuccinimidyl (di-SC)- 
PEG 40 kDa, 0.1 g (0.8 mmol) of 4-arninobenzyl alcohol, 
and 0.1 g (0.8 mmol) of DMAP in 30 mL of dry methylene 
chloride was stirred overnight at room temperature. The 
solvent was removed by distillation in vacuo, and the residue 
crystallized from 2-prqpanol to yield 3.7 g (93% yield) of 
product lib. 

13 C NMR (67.80 MHz, CDC1 3 ) 5 63.64, 63.99, 
68.91-71.32 (PEG), 118.57, 127.06, 136.13, 137.20, 153.08. 

A solution of 3.0 g (0.07 mmol) of lib in 140 mL of 
toluene was azeotroped for 2 hours while removing 40 mL 
of toluene/water. The reaction mixture was cooled to 30° C. 
followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 
0.04 g (0.3 mmol) of DIEA. This mixture was stirred for 18 
hours at 50-55° C. followed by cooling and removal of the 
solvent by distillation in vacuo. The residue was crystallized 
from 20% methylene chloride in ethyl ether to yield 2.4 g 
(77% yield) of product 12b. 

13 C NMR (67.80 MHz, CDC1 3 ) 5 64.01, 68.60-71.45 
(PEG), 118.78, 121.39, 124.86, 127.29, 128.85, 129.19, 
139.13, 155.51, 152.09, 153.19. 

Example 13 
Synthesis of compound (12a): 

Compound 12a is prepared in a similar manner to 12b by 
using mPEG 5 kDa SC-PEG in place of the 40 kDa SC-PEG. 



Synthesis of compound (14a): 

Asolution of 5.0 g (1.0 mmol) of mPEG 5 kDa carboxylic 
acid, 0.6 g (5.0 mmol) of 4-aminobenzyl alcohol, 2.0 mL 
(3.0 mmol) of a 50% solution of 1-propanephosphonic acid 
cyclic anhydride' (PPACA) in ethyl acetate and 0.4 g (3.0 
mmol) of DMAP in 30 mL of dry methylene chloride was 
stirred for 18 hours at room temperature. The solvent was 
5 removed by distillation in vacuo, and the residue was 
crystallized from 2-propanol to yield 8.6 g (83% yield) of 
product 13a. 

13 C NMR (67.80 MHz, CDC1 3 ) 8 58.07, 63.23, 
69.31-71.06 (PEG), 118.97, 126.51, 135.82, 136.96, 167.28. 
5 A solution of 3.0 g (0.58 mmol) of 13a in 75 mL of toluene 
was azetroped for 2 hours while removing 25 mL of toluene/ 
water. The reaction mixture was cooled to 30" C. followed 
by the addition of 0.23 g (1.1 mmol) of PNP-C1 and 0.15 g 
(1.2 mmol) of DIEA. This mixture was stirred for 18 hours 
> at 50-55° C. followed by cooling and removal of the solvent 
by distillation in vacuo. The residue was crystallized from 
20% methylene chloride in ethyl ether to yield 2.6 g (84% 
yield) of product f4a. 
13 C NMR (67.80 MHz, CDC1 3 ) 5' 58.45, 69.57-71.4 
' (PEG), 119.61, 121.37, 124.75, 129.11, 129.42, 137.88, 
144.86, 155.04, 151.86, 167.95. 

Example 15 
30 Synthesis of compound (14b): 

A solution of 5.0 g (0.12 mmol) of PEG 40 kDa tricar- 
boxylic acid, 0.15 g (1.2 mmol) of 4-aminobenzyl alcohol, 
0.5 mL (0.8 mmol) of a 50% solution of PPACA in ethyl 
acetate and 0.09 g (0.8 mmol) of DMAP in 100 mL of dry 
35 methylene chloride was stirred overnight at room tempera- 
ture. The solvent was removed by distillation in vacuo, and 
. the residue was crystallized from 2-propanol to yield 2.54 g 
(56% yield) of product 13b. 

13 C NMR (67.80 MHz, CDC1 3 ) 5 63.98, 68.99-71.0 
40 (PEG), 119.60, 127.01, 136.50, 137.35, 167.48. 

A solution of 3.0 g (0.07 mmol) of 13b in . 140 mL of 
toluene was azetroped for 2 hours while removing 40 mL of 
toluene/water. The reaction mixture was cooled to 30° C. 
followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 
45 0.04 g (0.3 mmol) of DIEA This mixture was stirred for 18 
hours at 50-55° C. followed by cooling and removal of the 
solvent by distillation in vacuo. The residue was crystallized 
from 20% methylene chloride in ethyl ether to yield 2.6 g 
(84% yield) of product 14b. 
50 13 C NMR (67.80 MHz, CDC1 3 ) 8 69.00-71.97 (PEG), 
119.78, 121.31, 124.75, 128.98, 129.84, 138.17, 144.86, 
155.38, 151.67, 167.77. 

Example 16 

55 Synthesis, of (18b): 

A solution of t-Boc-aminoisobutyric acid (2.0 g, 10 
- mmol), 2.6 g (21.0 mmol) of 4-hydroxybenzyl alcohol, 4.0 
g (21.0 mmol) of l-ethyl-3»(3-dimelhylaminopropyl)- 
50 carbodiimide hydrochloride (EDC), and 2.6 g (21.3 mmol) 
of DMAP in 100 mL of dry methylene chloride was stirred 
at room temperature overnight. The solvent was removed by 
distillation in vacuo, and the residue was crystallized from 
methanol to yield 2.6 g (83% yield) of product 15. 
65 J H NMR (270.05 MHz, CDC1 3 ) 5 1.45 (s, 9 H), 1.61 (s, 
6 H), 4.64 (s, 2 H), 7.06 (d, 2 H, J-8.1 Hz), 7.35 (d, 2 H, 
J=8.1 Hz). 
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"C NMR (67.80 MHz, CDC1 3 ) 5 25.38, 28.30, 56.13, Compound 21b was prepared in a similar manner as 21a 

64.54, 121.39, 127.94, 138.55, 150.37, 154.68, 173.49. -using 20b in the place of 20a. 

Trifluoroacetic acid (TEA, 2.5 mL) was added to a solu- 13 C NMR (67.80 MHz, CDCL.) 6 40.72, 67.81-71.99 

tion of 1 g (3.2 mmol) of 15 in 5 mL of methylene chloride (PEG), 12153, 121.66, 121.96, 124.68, 124.96, 125.20, 



Synthesis of compound (22a): 

of 0.5 g (0.09 mmol) of 2a, 65 mg (0.11 mmol) 



followed by stirring at room temperature for 30 minutes. 5 129,63, 130.73, 145.07, 151.37, 152.05, 154.12, 155.81. 
Ether was added until the solid precipitated. The solid was 

filtered and washed thoroughly with ether until all the excess Example 20 
TEA is removed. The TEA salt 16 was dried and used as such 
in the next step. 

A solution of 2.0 g (0.05 mmol) of 40 kDa PEG dithia- 10 f T"'v ™ VJ? ^iT T^TA*' " JW" T"S 

... -j \ „ ,,- m i ,v Ci , j of doxorubicin hydrochloride and 46 mg (0.38 mmol) of 

zolidine thione amide, 0.065 g (0.2 mmol) of 16, and 0.05 r rj j- *. -j »■ j * 

n e rTT*7n- tn t cj a. i i-i -j DMAP in 10 mL of dry dimethylformarnide was stirred at 

g (0.4 mmol) of DMAP in 30 mL of dry methylene chloride . . , ' T tU . „• . ,„ , , , 

6V - „ jj-iot. m, , „ J j. room temperature for 18 hours. To this mixture was added 

was refluxed for 18 hours. The solvent was removed by „„ _ / tl _ _ . .. . f1 . , , „. ,. 

, . , .„. ' 30 mL of ether. The precipitate was collected by filtration 

dislillalionin vacuo, and he residue was recrysta lized from , , , ' ..' , , „ „. J . c 

2- P ro P anol to yield 1.9 g (95% yield) of pSuct 17b. * Ta^T^T^ 

68 HT£ S SS/SS 5 13 2 8 4 7 4 9' jg$ 6349 ' C^NMR (67.80 MHz/cDQ ) 5 16.38, 29.25, 33.13, 

68^5-71.26 (PEG), 120.85, 127.21, 138 79, 168.99. ^ ^ ^ 46 . 58) 56 . 01j 58 , 32; 64 . 76) 64 .9 3 , 

Compound 18b was prepared in a similar manner as 14b 6? 06> 6g ^ 6g 26? 6g gl? 68 _ gg _ 7126 . (PEG), 75.91, 

by using 17b m the place of 13b. 2Q 100 32j no.54, 110.68, 118.06, 119.04, 119.98, 120.37, 

Example 17 120.66, 128.65, 129.16, 132.98, 133.27, 133.91, 134.60, 

Wt,™ tn f, M ,n^1R a V 135 - 19 > 150 - 09 ' 152 - 75 > 154 " 86 ' 15556 > 160 " 34 ' 18580 ' 

Synthesis o compound (18a). 186.10,213.07. 

Compound 18a is prepared in a similar manner as 18b by 

using 5 kDa PEG thiazolidine thione amide in the place of 2 _ Example 21 
10 kDa PEG. 

Synethesis of (23a) 

Example 18 A mixture of Q 5 g ( QW mmo j) of 2a? 65 mg (0.11 mmol) 

Synthesis of compound (21a): of daunorubicin hydrochloride and 46 mg (0.38 mmol) of 

A solution of 10.0 g (2.0 mmol) of mPEG 5 kDa 30 DMAP in 10 mL of dry dimethylform amide was stirred at 

isocyanate, 0.5 g (4.0 mmol) of 44iydroxybenzaldehyde and room temperature for 18 hours. To this mixture was added 

0.5 g (4.0 mmol) of DMAP in 50 mL of dry methylene 30 mL of ether. The precipitate was collected by filtration 

chloride was refluxed for 18 hours. The solvent was and washed with ether followed by crystallization from 

removed from the reaction mixture by distillation in vacuo 2-propanol to yield 0.44 g (80% yield) of product, 

followed by crystallization of the residue from 2-propanol to 3S NMR (67.80 MHz, CDCI3) 6 16.52, 24.47, 29.69, 

yield the aldehyde 19a. 32.87, 34.62, 44.97, 46.88, 56.29, 58.58, 65.23, 67.03, 

To a solution of 0.25 g (0.05 mmol) of this aldehyde in 40 67.30, 68.31, 68.26, 68.68, 69.39-71.50 (PEG), 76.25, 

mLof methanol at 0° C. was added 6.0 mg (0.15 mmol) of 100.73, 110.73, 110.68, 110.91, 118.16, 119.31, 120.40, 

sodium borohydride followed by stirring for 2 hours. The 120.59, 120.90, 128.85, 129.38, 133.88, 134.09, 135.01, 

solvent was removed from the reaction mixture by distilla- 40 135.35, 153.03, 155.10, 155.38, 156.03, 160.60, 186.16, 

tion in vacuo followed by dissolving the residue in 30 mL of 186.47, 211.77. 
methylene chloride and washing with dilute aqueous HC1. 

The organic layer was separated and dried over anhydrous Example 22 

sodium sulfate. The solvent was removed by distillation in Amix{ure 0 f 0.5 g (0.09 mmol) of 4a, 65 mg(0.11mmol) 

vacuo and the residue was crystallized from 2-propanol to 45 of daunonlbicin hydrochloride and 46 mg (0.38 mmol) of 

yield 1.5 g (75% yield) of 20b. DMAP in 10 mL of dry dimethylformamide was stirred at 

Asolution of 5.0 g (1.0 mmol) of 20a in 75 mLof toluene room £emperature for 18 hours . To this mixture was added 

was azeotroped for 2 hours while removing 25 mL of 30 ^ of ether Tne p reci pi tate was collected by filtration 

toluene/water. The reaction mixture was cooled to 30° C. and washed with ether followed by crystallization from 

followed by the addition of 0.4 g (2.0 mmol) of PNP-C1 and so 2 -propanol to yield 0.38 g (75% yield) of product 24a. 

0.26 g (2XTmmol) of DIEA.Tb.is mixture was stirred for 18 ± 

hours at 50-5^ C. followed by cooling and removal of the _ . __ v ■__ !- . . ._ ' 



20f °™? yh f f^ nde m ^ ether to 1** 3 ' 7 * 110.34, 110.51, 117.97, 118.91, 119.91, 120.66, 120.87, 

^t^ Z ^O U^ CDC1 , S 40 66 58 58 * 17& ^ 129 " 38 ' 133 " 66 ' 133 - 86 ' 134 ' 54 ' 135 '° 6 ' 154 ' 81 ' 

68.9™ S2s. c SS. 8 iS?iS5; ™f> 155 - 62 > 156 - 03 > 160 - 26 > 168 - 08 > 185 - 71 ' 18S - 9S > 

12951, 130.66, 145.00, 151.32, 151.96, 154.03, 155.12. 

Example 19 Example 23 

Synthesis of (21b): Synthesis of (24b) 

Compound 20b was prepared in a similar manner as 20a Compound 24b was prepared in a similar manner to 

by using 40 kDa PEG kDa diisocyanate in place of 5 k compound 24a using a 40 kDa MW PEG linker 4b in place 

mPEG isocyanate. of MW 5 kDa linker 4a. UV assay for this compound 

13 C NMR (67.80 MHz, CDC1 3 ) 8 40.35, 63.44, 65 indicated the amount of daunorubicin present is 2.3%. In 

67.97-71.45 (PEG), 120.82, 127.05, 137.99, 147.68, vitro and in vivo results for this compound are set forth in 

154.13. Table 1 below. 
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Example 24 

A mixture of 0.5 g (0:09 ramol) of 10a, 65 mg (0.11 
mmol) of daunorubicin hydrochloride and 46 mg (0.38 
mmol) of DMAP in 10 mL of dry dimethylfcrmamide was 
stirred at room temperature for 18 hours. To this mixture was 
added 30 mL of ether: The precipitate was collected by 
filtration and washed with ether followed by crystallization 
from 2-propanol to yield 0.44 g (80% yield) of product. UV 
assay for this compound indicated the amount of daunoru- 
bicin present is 9.2%. 

Example 25 

Synthesis of (26a) 

A mixture of 0.5 g (0.09 mmol) of 8a, 65 mg (0.11 mmol) 
of daunorubicin hydrochloride and 46 mg (0.38 mmol) of 
DMAP in 10 mL of dry dimefhylformamide was stirred at 
room temperature for 18 hours. To this mixture was added 
30 mL of ether. The precipitate was collected by filtration 
and washed with ether followed by crystallization from 
2-propanol to yield 0.42 g (81% yield) of product. UV assay 
for this compound indicated the amount of daunorubicin 
present is 9.2%. 

Example 26 
Synthesis of compound (26b) 

Compound 26b was prepared in a similar manner to 
compound 26a using a 40 kDa PEG linker 8b in place of 5 
kDaPEG linker 8a. UV assay for this compound indicated 
the amount of daunorubicin present is 2.1%. 

Example 27 

Synthesis of (27a) 

A mixture of 0.5 g (0.09 mmol) of 6a, 65 mg (0.11 mmol) 
of daunorubicin hydrochloride and 46 mg (0.38 mmol) of 
DMAP in i0 mL of dry dimethylformamide was stirred at 
room temperature for 18 hours. To this mixture was added 
30 mL of ether. The precipitate was collected by filtration 
and washed with ether followed by crystallization from 
2-propanol to yield 0.44 g (85% yield) of product. UV assay 
for this compound indicated the amount of daunorubicin 
present is 9.2%. 

Example 28 
Synthesis of compound (27b) 

Compound 27b was prepared in a similar manner to 
compound 27a using a 40 kDa PEG linker 6b in place of 5 
kDaPEG linker 6a. UV assay for this compound indicated 
the amount of daunorubicin present is 2.3%. In vitro and in 
vivo results for this compound are set forth in Table 1 below. 

Example 29 

Synthesis of compound (27c) 

Compound 27c was prepared in a similar manner to 
compound 27a using a 40 kDa PEG linker 6c in place of 5 
kDaPEG linker 6a. UV assay for this compound indicated 
the amount of daunorubicin present is 2.5%. 

Example 30 

Synthesis of compound (27d) 

A mixture of 1.5 g (0.037 mmol) of 6c, 50 mg (0.19 
mmol) of p-amino-(Nj^-di-2-chloroethyl)amline hydro- 
chloride (synthesized using a modified procedure of 
Edwards et al. Cytotoxic Compounds. Part XVII. o-, m-, and 
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p-(Bis-2-chloroethylamino)phenol, p-[N-(2-ChIoethyI) 
methylaminojphenol, N,N-Bis-2-chloroethyl-p- 
phenylenediamine, and N,N-Bis-2-chloroethyl-N'-methyl- 
p-phenylenediamine as Sources of Biologically Active 

5 Carbamates. JCS Perkin J, 1973, 2397), and 50 mg (0.41 
mmol) of DMAP in 15 mL of anhydrous dimethylforma- 
mide was stirred at room temperature for 30 minutes and 15 
mL of anhydrous dicbloromethane was added. The reaction 
solution was stirred at room temperature overnight and 

10 concentrated in vacuo. The residue was recrystallized from 
2-propanol to give 1.43 g (95%) of 27d. 

13 C NMR (67.80 MHz, CDC1 3 ) 8 15.15, 39.83, 52.85, 
62.05, 64.75, 66.83-70.45 (PEG) 77.19, 111.95, 120.15, 
127.58, 128.73, 129.38, 133.62, 141.35, 147.12, 151.91, 

15 153.00. 

Example 31 

Synethesis of compound (27c) 

20 DIEA (0.15 mL, 0.86 mmol) was added to a mixture of 
1.0 g (0.025 mmol) of 6c and 60 mg (0.20 mmol) of 
melphalan in 15 mL of anhydrous dimethylformamide and 
the mixture was stirred at room temperature for 30 minutes. 
Anhydrous dichlormetbane (5 mL) was added and the 

25 reaction solution was stirred at room temperature overnight 
and concentrated in vacuo. The residue was recrystallized 
form 2-propanol to give 0.85 g (85%) of 27e. 

13 C NMR (67.80 MHz, CDCX) fi 15.06, 36.71, 39.63, 
52.43, 54.60, 64.01, 66.77-70.43 (PEG) 111.01, 124.26, 

30 127.44, 129.27, 129.73, 134.18, 144.03, 147.03, 151.83, 
154.52, 171.68. 

Example 32 

Synthesis of (28b) 

A mixture of 1.0 g (0.025 mmol) of 12a, 65 mg (0.11 
mmol) of daunorubicin hydrochloride and 46 mg (0.38 
mmol) of DMAP in 10 raL of dry dimethylformamide was 
stirred at room temperature for 18 hours. To this mixture was 

^ added 30 mL of ether. The precipitate was collected by 
fdtration and washed with ether followed by crystallization 
from 2-propanol to yield 0.88 g (88% yield) of 28b. UV 
assay for this compound indicated the amount of daunoru- 
bicin present is 2.2%. In vitro and in vivo results for this 

45 compound are set forth in Table 1 below. 

Example 33 

Synthesis of (29a) 

A mixture of 0.5 g (0.09 mmol) of 14a, 65 mg (0.11 
50 mmol) of daunorubicin hydrochloride and 46 mg (0.38 
mmol) of DMAP in 10 mL of dry dimethylformamide was 
stirred at room temperature for 18 hours. To this mixture was 
added 30 mL of ether. The precipitate was collected by 
filtration and washed with ether followed by crystallization 
55 from 2-propanol to yield 0.44 g (80% yield) of product. 
"C NMR (67.80 MHz, CDCL,) 6 16.20, 23.99, 29.04, 
32.29, 34.21, 46.55, 55.84, 58.12, 65.14, 68.14, 68.57, 
68.76, 68.81, 69.31-73.37 (PEG), 75.78, 100.11, 110.21, 
110.38, 117.93, 118.81, 119.00, 119.25, 119.77, 128.05, 
60 128.48, 131.69, 133.57, 134.39, 134.99, 154.86, 155.53, 
160.16, 167.46, 185.58, 185.77, 211.09. 

Example 34 

6 5 Synthesis of compound (29b) 

Compound 29b was prepared in a similar manner to 
compound 29a using a 40 kDa PEG linker 14b in place of 
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the 5 kDaPEG linker 14a. UV assay for this compound Example 41 

indicated the amount of daunorubicin present is 2.1%. , . , ,„ 

Synthesis of compound (32d) 

Example 35 Compound 32dwas prepared in a similar manner to 

5 32astarting from 5d. 

Synthesis of (30b) i3 C ( - 67 80 C DC1 3 ) 6 15.2, 24.6, 58.1, 

A mixture of 1.0 g (0.025 rrrmol) of 18a, 65 mg (0.11 67.0-71.2 (PEG), 128.1, 130.0, 130.4, 148.0, 150.8, 151.8, 

mmol) of daunorubicin hydrochloride and 46 nig (0.38 168.1. 

rrrmol) of DMAP in 10 mL of dry dimethylformamide was 

stirred at room temperature for 18 hours. To this mixture was iq Example 42 

added 30 mL of ether. The precipitate was collected by „ . . . , „„ ^ „. 

filtration and washed with ether followed by crystallization Conjugation of compound 2 aor 32ato (^asparaginase; 

from 2-propanol to yield 0.88 g (88% yield) of 28b. UV synthesis ol compound (33): 

assay for this compound indicated the amount of daunoru- PEG linker 2aor 32a(450 mg, 0.084 mmol, 317 eg) was 

bicin present is 2.2%. In vitro and in vivo results for this 1S added to na£ive (L)-asparaginase (37.5 mg, 416 fiL, 0.00027 

compound are set forth in Table 1 below. mmo1 ) in 3 mL of sodium phosphate buffer (0.1 M, pH 7.8) 

with gentle stirring. The solution was stirred at 30° C. for 30 

Example 36 minutes. A GPC column (Zorbax GF-450) was used to 
monitor PEG conjugation: The PEG-Asp conjugate had a 

Synthesis of compound (31a) ^ retention time of 8.5 rnin. At the end of the reaction (as 

A mixture of 0.5 g (0.09 mmol) of 21a, 65 mg (0.11 ~ evidenced by the absence of native enzyme), the mixture 

mmol) of daunorubicin hydrochloride and 46 mg (0.38 was diluted with 12 mL of formulation buffer (0.05 M 

mmol) of DMAP in 10 mL of dry dimethylformamide was sodium phosphate, 0.85% sodium chloride, pH 7.3) and 

stirred at room temperature for 18 hours. To this mixture is diaflltered with a Centriprep concentrator (Amicon) having 

added 30 mL of ether. The precipitate was collected by 2S a molecular weight cut-off of 50,000 daltons to remove the 

filtration and washed with ether followed by crystallization unreacted PEG. Dialfiltration was continued as needed at 4° 

from 2-propanol to yield 0.44 g (80% yield) of 31a. C. until no more free PEG was detected by mixing equal 

amount of filtrate and 0.1% PMA (polymethacrylic acid' in 

Example 37 0.1 M HC1). 

~ . j, , 3D Compound 33 was not stable in basic buffer solution for 

Synthes* of compound (31b) ^ rf ^ ^ ^ Jyo _ 

Compound 31bwas prepared in a similar manner to com- philized and 33 stored in the freezer (-20° C). After 15 days 

pound 31ausing a 40 kDa PEG linker 21bin place of 5 kDa of storage m this mamler> GPC analyst indicated less than 

linker 21a. UV assay for this compound indicated the 0 8% decomposi ti 0 n. The specific activity of freshly pre- 

ampunt of daunorubicm present is 2.6%. In vitro and in vivo 3$ pared 33 was folmd to be 137 nj/mg (native asparaginase- 

results for this compound are set forth in Table 1 below. 2 17 IU/mg). Protein modification fo asparaginase with 

SS-PEG (a permanent linker) using a procedure correspond- 

Example 38 ^ tQ that descri b ed m the aforementioned U.S. Pat. No. 

Synthesis of compound (32a) 4,179,337 gave a similar activity of 120 IU/mg. A TNBS 

_, , ^ ,„ . ,, ,__ /na ,,40 assay was used to calculate the percentage modification of 

To a solution of 2 g 0.4 mmol) of laand 0 2 g (0.8 mmol) > ^ ^ ^ KuKt wa& used fc check the 

of N^isuccinxmidyl carbonate in 25 M, of anhydrous * concentration, 

methylene chloride was added 30 jjL (0.4 mmol) of anhy- r 

drous pyridine at 0° C. under nitrogen atmosphere and the Example 43 
solution was stirred overnight at 4° C. Hie product was 

precipitated by the addition of 300 mL of ether. The solid 45 Kinetics of hydrolysis of PEG conjugate of (L> 

obta'ined was recrystallized from methylene chloride/ether asparaginase (33) in rat plasma and buffer 

to give 1.6 g (80%) of the product 32C as a white solid. The rate of hydrolysis of compound 33 in rat plasma was 

13 C NMR (67.80 MHz, CDC1 3 ) 5 24.8, 58.3, 67.2-71.3 measured using a GPC column (Zorbax GF-450) and was 

(PEG), 120.8, 129.2, 130.6, 150.9, 151.0, 152.6, 168.2. „ found to have a half life of 82 minutes. In vitro kinetics were 

done and the half life was determined to be 10±2 hours in 

Example 39 phosphate buffer (pH 7.4). 

Synthesis of compound (32b) Example 44 

Compound 32bwas prepared in a similar manner to $$ Synthesis of (34), a protein hybrid . conjugation of (33) 

32astartmg from 3a. with SS-PEG (a permanent linker 

13 C NMR (67.80 MHz, CDC1 3 ) 5 25.0, 585, 67.8-71.8 PEG linker 2a(393 mg, 0.073 mmol, 70 eq) was reacted 

(PEG), 121.4, 129.5, 130.7, 150.3, 151.1, 168.3, 168.4. witn native (^-asparaginase (150 mg, 1.664 mL. 0.00106 

mmol) in 30 mL of sodium phosphate buffer (0.1 M, pH 7.8) 

Example 40 w as descri -b ed in Example 36 at 30° C. for 15 minutes to 

c^,. ■ - j i-x^\ provide a solution of 33, followed by the addition of 

Synthesis of compound (32c) SS-PEG (1.272 g, 0.245 mmol, 230 eq). The reaction 

Compound 32cwas prepared in a similar manner to solution was stirred for another 15 minutes. The pH of the 

32astartmg from 5a. reaction mixture was maintained at 7.8 with 0.5 M sodium 

13 C NMR (67.80 MHz, CDC1 3 ) 8 16.0, 25.0, 58.6, 65 hydroxide. The reaction was diluted with 30 mL of sterile 

67.8-71.8 (PEG), 128.6, 130.4, 130.7, 140.9, 151.2, 167.8, water and diafiltered using a Centriprep concentrator 

168.3. (Amicon) Having a molecular weight cut-off of 50,000 
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daltons to remove any unreacfed PEG. Dialfiltration was Example 48 

continued as needed at 4° C. until no more free PEG was . 

detected by mixing equal amount of filtrate and 0.1% PMA Synthesis of compound (38) 

(polymethacrylic acid in 0.1 M HC1). A GPC column To a solution of lg (0.025 mmol) of 36 and Z30mg (0.10 

(Zorbax GE-450) was used to follow the course of the 5 mmol) of 37 in 10 mL of methylene chloride at 0° C. is 

reaction. The final solution of 34 was lyophilized and stored added 19.2 mg (0.1 mmol) of EDC and 25 mg (0.2 mmol) 

in the freezer. °f DMAP and the mixture is stirred for 3 hours at 0° C, 

followed by 18 h at room temperature. The solvent is 

Example 45 removed under reduced pressure and the solid obtained is 
10 recrystallized from 2-propanol to give the product 38. 

Demonstration of selective removal of reversible PEG 

linker (2a) from the hybrid (34); Generation of a perma- Example 49 

nently modified asparaginase, compound (35) rf ^ 

100mgofM isd^lvedk30inL^ofpH7^p^hate A solution of 3.0 g (0.075 mmol) of 38 in 140 mL of 

buffer and stirred at 30 C. overnight This solution is diluted 15 toW fa d fof 2 hours while removing 40 mL of 

mm30iriofstenlewater,anddiafiltered,withaCe n triprep toluene/water. The reaction mixture is cooled to 30" C. 

Tn^ 1 ?" (AmC ° n) ha T S * molecl ; lar i wel g h t OTt ° ff ° f followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 

50 000 Daltons to remove free PEG which was formed by 0 04 (0 3 of tjiea. The reaction mixture is stirred 

selective cleavage of the conjugates formed form the PEG- for lg houfs at 50 _ 55 „ c followed b cooM wA removal 

2almker. The solution now contams only SS-PEG conju- 20 rf ^ by ^ yacuo ^ residue fa 

gated asparaginase (35) Thus, the reversible linker is clyst3aimd &om 20% methylene chloride in ethyl ether to 

hydrolyzed, leaving only the relatively permanently bonded - , , ~, Q 

pen cHirhoA th«. ,™,„™,„ y JVl 



PEG attached to the asparaginase. 

Example 46 



Example 50 



Synthesis of compound (40) 
Synthesis of compound (36) A mixture of 0 g g (0 02 mmol ) of 39j 45 rag ((u 

A mixture of 6 g (0.15 mmol) of 40 kDa PEG dithiazo- of daunorubicin hydrochloride, and 32 mg (0.26 mmol) of 
lidine thione amide, 150.9 mg (0.45 mmol) of tripeptide DMAP in 10 mL of dry dimethylformamide is stirred at 
Gly-Phe-Leu, and 76 mg (0.6 mmol) of DEEAin anhydrous 30 room temperature for 18 hours. To this mixture is added 30 
methylene chloride was stirred for 18 hours. The reaction mL of ether. The precipitate is collected by filtration and 
mixture was washed with 0.1 N HQ (2x5 mL), followed by washed with ether followed by crystallization from 
water (5 mL) and dried over anhydrous magnesium sulfate. 2-propanol to yield the product 40. 
The solvent was removed under reduced pressure to yield a 

solid that was recrystallized form 2-propanol to give 4.9 g 35 Example 51 

(80%) of 36. Synthesis of compound (42) 

13 C NMR (67.80 MHz, CDC1 3 ) o 21.41, 22.17, 24.21, A solution of 40 g {0A mmol) of ( d i-SC)-PEG 40 kDa 
36.94, 40.66, 42.31, 50.42, 53.86, 70.64-72.22 (PEG) and ai (a8 mmol) of 2-aminobenzyl alcohol in 30 mL of 
126.14, 127.87, 128.73, 136.31, 168.42, 169.91, 170.28, 40 dry methylene chloride was refluxed overnight. The solvent 
172.21. was removw j by distillation in vacuo, and the residue was 

crystallized form 2-propanol to yield the product 41. 
A solution of 3.0 g (0.07 mmol) of 41 in 140 mL of 



iple 47 



Synthesis of compound (37) toluene * azeotroped for 2 hours while removing 40 mL of 

' , „ 45 toluene/water. The reaction mixture is cooled to 30° C. 

A solution of 1.1 g (4.04 mmol) of t-Boc-glycme followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 

N-hydroxysuccinimide ester and 1 g (8.12 mmol) of 0 04 g (0.3 m mol) of DffiA. This mixture is stirred for 18 

4-aminobenzyl alcohol m 15 mL of methylene chloride was hours at 50 _ 55 o c followe d by cooling and removal of the 

stirred at room temperature for 18 hours. The reaction efjt9eat by distillation m vacuo . The residue ^ crystallized 

mixture was filtered to remove the precipitated solid 50 from 20% metny i en e chloride in ether to yield the product 

(byproduct NHS) and the filtrate was washed with 0.1 N HC1 42 
(2x5 mL), followed by water (5 mL) and dried. The solvent 

was removed under reduced pressure to yield a residue that Example 52 
was triturated with ether to give 900 mg (75%) of the pure 

t-Boc-glycine amide of 4-aminobenzyl alcohol. 55 Synthesis of compound (44) 

13 C NMR (67.80 MHz, CDCU 8 28.27, 44.87, 64.45, Asolution of 4.0 g (0.1 mmol)of 40 kDa PEG isocyanate, 

80.50, 120.19, 127.66, 136.73, 137.01, 156.55, 168.24. 01 & (°- 8 mmo1 ) of 2-hydroxybenzaldehyde, and 0.1 g (0.8 

mmol) of DMAP in 50 mL of dry methylene chloride is 

TEA (2.5 mL was added to a solution of 500 mg (1.78 refluxed for 18 hours. The solvent is removed form the 

mmol) of t-Boc-glycine amide of 4-aminobenzyl alcohol in 6Q reaction mixture by distillation in vacuo followed by crys- 

methylene chloride (5 mL), and the solution was stirred for tallization of the residue from 2-propanol to yield the 

30 minutes at room temperature. Anhydrous diethylether (50 aldehyde. NaBH 4 reduction of the aldehyde product in 

mL) was added to precipitate the solid that was filtered, methanol gives the corresponding benzyl alcohol 43. 

washed thoroughly with ether until all the TEA is washed, A f 3 Q (Q QJ ^ f 43 ^ 14Q mL f 

and dried to gl ve 300 mg (60%) of the 37 as a TEA salt. 6J toluene ^ ^ 2 hours removing 4Q ^ of 

13 C NMR (67.80 MHz, DMSO-d e ) 5 41.01, 62.58, toluene/water. The reaction mixture is cooled to 30" C. 

119.01, 127.22, 136.79, 138.13, 164.62. followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 
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0.04 g (0.3 mmol) of DTF.A. This mixture is stirred for 18 
hours, at 50-55° C. followed by cooling and removal of the 
solvent by distillation in vacuo. The residue is crystallized 
form 20% methylene chloride in ether to yield the product 
44. 



solvent by distillation in vacuo. The residue is crystallized 
form 20% methylene chloride in ether to yield the product 



Example 58 



Synthesis of compound (50) 

A mixture of 0.8 g (0.02 mmol) of 49, 45 mg (0.1 mmol) 
of daunorubicin hydrochloride and 32 mg (0.26 mmol) of 
Amisture of 0.8 g (0.02 mmol) of 42, 45 mg (0.1 mmol) 10 DMAP ia 10 mL of dry dimethylformamide is stirred at 



Example 53 
Synthesis of compound (45) 



of daunorubicin hydrochloride and 32 mg (0.26 mmol) of 
DMAP in 10 mL of dry dimethylformamide is stirred at 
room temperature for 18 hours. To this mixture is added 30 
mL of ether. The precipitate is collected by filtration and 
washed with ether followed by crystallization from 
2-propanol to yield the product 45. 

Example 54 

Synthesis of compound (46) 20 
A mixture of 0.8 g (0.02 mmol) of 44, 45 mg (0.1 mmol) 
of daunorubicin hydrochloride and 32 mg (0.26 mmol) of 
DMAP in 10 mL of dry dimethylformamide is stirred at 
room temperature for 18 hours. To this mixture is added 30 2S 
mL of ether. The precipitate is collected by filtration and 
washed with ether followed by crystallization from 
2-propanol to yield the product 46. 

Example 55 30 
Synthesis of compound (47) 

A mixture of 160 mg (4.1 mmol) of sodium borohydride 
and 0.2 g (1.4 mmol) of nitrofuranylmethanol in 20 mL of 
2-propanol is stirred at room temperature for 16 hours and 35 
the suspension was filtered through Celite. The filtrate is 
concentrated in vacuo to give a crude product 47 which is 
used for next step without further purification. 

Example 56 40 
Synthesis of compound (48) 

A solution of 4.0 g (0.1 mmol) of (di-SC)-PEG 40 kDa 
and 0.09 g (0.8 mmol) of 47 in 30 mL of dry methylene 
chloride is refluxed overnight. The solvent is removed by 45 
distillation in vacuo, and the residue is recrystallized from 
2-propanol to yield the product 48. 

Example 57 5Q 
Synthesis of compound 49) 

A solution of 3.0 g (0.07 mmol) of 48 in 140 mL of 
toluene is azeptroped for 2 hours while removing 40 mL of 
toluene/water. The reaction mixture is cooled to 30° C. 55 
followed by the addition of 0.06 g (0.3 mmol) of PNP-C1 and 
0.04 g (0.3 mmol) of DIEA. This mixture is stirred for 18 
hours at 50-55° C. followed by cooling and removal of the 



n temperature for 18 hours. To this mixture is added 3 
mL of ether. The precipitate is collected by filtration and 
washed with ether followed by crystallization from 
. 2-propanol to yield the product 

TABLE 1 

la Vitro and In Vivo Results of PEG 40kD3 -P.rmiio.n;hicH Prodru g 



a: 3 mg/kg/dose of active daunombicin was given i.p. in 
balb/c mice bearing S. C. Madison 109 Lung Carci- 
noma at 1 & 4 days after inoculation. The median tumor 
volume of treatment and control groups were measured 
and compared when the control group's median tumor 
volume reached approximately 2000 mm 3 . 

b: 3 mg/kg/dose of active daunorubicin was administered 
intravenously in nude mice bearing a human ovarian 
carcinoma xenografts at 1, 5 & 9 days after inoculation. 
The median tumor volume of treatment and control 
groups were measured and compared when the control 
group's median tumor volume reached approximately 
1000 mm 3 . 

c Willaira C. Rose. Evaluation of Madison 109 Lung 
Carcinoma as a Model for Screening Antitumor Drug- 
s.Cancer Treatment Reports, 1981, 65, 229. 

The various publications, patents, patent applications and 
published applications mentioned m this application are 
hereby incorporated by reference herein. 

While there have been described what are presently 
believed to be the preferred embodiments of the invention, 
those skilled in the art will realize that changes and modi- 
fications may be made without departing from the spirit of 
the invention. It is intended to claim all such changes and 
modifications as fall within the true scope of the invention. 
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SEQUENCE LISTING 



<21D> SEQ ID HO 1 
<211> LENGTH : 4 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence:Peptide 
linker. 

<400> SEQUENCE: 1 



We claim: 

1. A compound comprising the formula: 



^ 



wherein: 

is a bifunctional linking moiety; 



where 

B is H, a leaving group, a residue of ai 



moiety, or a residue of a hydroxyl-containing moiety; 
Y 1-4 are independently 0, S, or NR 12 ; 
R 1; R 4 , Rg, R 10 , and R 12 , are independently selected from 
the group consisting of hydrogen, alkyls, Cj_ 12 4 
branched alkyls, C 3 _g cycloalkyls, C^g substituted 
alkyls, substituted cycloalkyls, aryls, substituted 
aryls, aralkyls, C 1j6 heteroalkyls, and substituted C 1-fi 
heteroalkyls; 

Rz, R 3 , R 5 and R a are independently selected from the 5 
group consisting of hydrogen, alkyls, alkoxy, 
phenoxy, heteroalkyls, heleroalkoxy, substi- 
tuted C x _ 6 alkyls, cycloalkyls, C 3 _g substituted 
cycloalkyls, aryls, substituted aryls, aralkyls, halo-, 
nitro-, cyano-, carboxy-, C w carboxyalkyls and C 1 _ 6 
alkyl carbonyls; 

Ar is a moiety which when included in Formula (I) forms 
a multi-substituted aromatic hydrocarbon or a multi- 
substituted heterocyclic group; 

(m), (r), (s), (t), (u) and (v) are independently zero or one; 

(p) is zero or a positive integer; and 

R al is a substantially non-antigenic polymer, 
except that 

(1) G is not H when (v) is 0; e 

(2) R u is not — q==Y)-(CH 2 )„-0-(CH 2 CH 2 0) j: -CH 3 
when m=0, p=0 and Y 3 =NH and 



(3) R u is not CH 3 -O-(CH 2 CH 2 0) i .-CH 2 ) n when m=0, 
p=l, L-^OCHj, Y 4 =0 and Y 3 =NH wherein (n) is zero 
or a positive integer; Y is O, S or NR^; and (x) 
represents the degree of polymerization. 

2. The compound of claim 1, wherein: 
is selected from the group consisting of 





(Y 5 ) b - 


"r u ~ 

J 




' 

1 


30 


Ris 


M- 

f 


-c — 

! 
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wherein: 

M is X or Q; where 

X is an electron withdrawing group; 
Q is a moiety containing a free electron pair positioned 
three to six atoms from 



(a) and (n) are independently zero or a positive integer; 

(b) is zero or one; 
(q) is three or four; 

R 7 , R s , R 14 , and R 15 are independently selected from the 

group which defines R 9 ; and 
Y 5 is O, S, or NR ia . 

3. The compound of claim 1, wherein Ar is selected from 
the group consisting of: 

XX- XX- XX. 

xxxx xx. 
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xx- 
XX- b.. 




6. The compound of claim 1, having the formula: 




is 7. The compound of claim 2, wherein 



imiao acid residue. 
8." The compound of claim 7, wherein said amino acid 
residue is selected from the group consisting of naturally 
occurring and non-naturally occurring amino acid residues. 
25 9. The compound of claim 1, wherein (p) is one. 

10. The compound of claim 1, wherein R 1:1 includes a 
capping group A. 

11. The compound of claim 10, wherein Ais selected from 
the group consisting of hydrogen, C0 2 H, C^g alkyl 

30 moieties, dialkyl acyl urea alkyls and 

(if) 




wherein J is O, S, or NR 13 , E and Z are independently 
CR 13 or NR 13 ; and R 13 is independently selected from SO 
the same group as that which defines R 9 . 

4. A compound of claim 1, having the formula 



R 3 R 3 
!l0 _L / \ L R " 



5. The compound of claim 1, wherein R 1; 
are all H. 



wherein G 1 is the same as G or another member of the group 
defined as G. 

12. The compound of claim 2, wherein X is selected from 
the group consisting of O, NR 12 , S, SO and S0 2 . 

13. The compound of claim 12, wherein X is selected 
from the group consisting of O and NR 12 . 

14. The compound of claim 2, wherein Q is selected from 
the group consisting of C 2 _^ alkyls, cycloalkyls, aryls, and 
aralkyl groups substituted with a member of the group 
consisting of NH, O, S, — CH 2 -C(0)-N(H)— , and ortho- 
substituted phenyls. 

15. The compound of claim 2, wherein (n) is 1 or 2. 

16. The compound of claim 1, wherein (m) is 0. 

17. The compound of claim 1, wherein Y 1 _ Jl are 0. 

18. The compound of claim 1, wherein R u comprises a 
polyalkylene oxide. 

19. The compound of claim 18, wherein said polyalkylene 
oxide comprises polyethylene glycol. 

20. The compound of claim 1 wherein said polymer has 
a number average molecular weight of from about 2,000 to 
about 100,000 daltons. 

21. The compound of claim 1, wherein said polymer has 
a number average molecular weight of from about 5,000 to 
about 40,000 daltons. 
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22. The compound of claim 1, wherein R u is selected 
from the group consisting of — C(=Y)~(CH 2 ) n -0- 
(CH 2 CH 2 0%-A, — C(=Y)-Y-(CH 3 )„-0-(CH 2 CH 2 0) x -A 
and ^=Y)-NR 12 -(CH 2 ) n -0-(CH 2 CH20) Jt; -A, where 

(n) is zero or a positive integer; i 

Y is O, S or NR 12 ; 

A is a capping group; and 

(x) represents the degree of polymerization. 

23. The compound of claim 1 wherein B is a leaving 
group selected from the group consisting of 1 
N-hydroxybenzotriazolyl, halogen, N-hydroxyphthalimidyl, 
p-nitrophenoxy, imidazolyl, N-hydroxysuccinimidyl, thia- 
zolidinyl thioine, and an acid activating group. 

24. The compound of claim 1 wherein B is a residue of a 
hydroxyl-containing compound. • 1 

25. The compound of claim 1, wherein B is a residue of 
an amine containing compound. 

26. The compound of claim 1, wherein B includes a 
second polymeric transport system. 

27. The compound of claim 4 wherein: 2 
is 



m--c 



X is an electron withdrawing group; 

Q is a moiety containing a free electron pair positioned 
three to six atoms from Y 3 ; 

R 7 and R 8 , are independently selected from the group 
consisting of hydrogen, alkyls, C^_ 12 branched 
alkyls, cycloalkyls, substituted alkyls, 
substituted cycloalkyls, . aryls, substituted aryls, 
aralkyls, heteroalkyls, and substituted het- 
eroalkyls; 

(n) is zero or a positive integer: 

r, s, t, u, p and v are all equal to 1; and 



35. The compound of claim 27, wherein X is selected 
from the group consisting of O, NR 12 , S, SO and S0 2 . 

36. The compound of claim 35, wherein X is selected 
from the group consisting of O and NR 12 . 

37. The compound of claim 27, wherein Q is selected 
from the group consisting of alkyls, cycloalkyls, aryls, 
and araJkyl groups, and Q is substituted with a member of 
the group consisting of NH, NR 12 , O, S, —CH^-CH(0)-N 
(H) — , and ortho-substituted phenyls. 

38. The compound of claim 27, wherein (n) is an integer 
from 1 to about 12. 

39. The compound of claim 38, wherein (n) is 1 or 2. 

40. The compound of claim 27, wherein B is a residue of 
a member of the group consisting of anthracyclins, 
daunorubicin, doxorubicin, p-hydroxyaniline mustard, 
cytosine arabinoside and gemcitabine. 

41. The compound of claim 27, wherein B is a residue of 
an amine containing compound selected from the group 
consisting of cardiovascular agents, anti-neoplastics, anti- 
infeetives, anti-fungals, anti-anxiety agents, gastrointestinal 
agents, central nervous system-activating agents, analgesics, 
fertility agents, contraceptive agents, anti-inflammatory 
agents, steroidal agents, anti-urecemic agents, vasodilating 
agents, and vasoconstricting agents. 

42. The compound of claim 26, wherein B includes an 
attachment moiety for said second polymeric transport sys- 
tem selected from the group consisting of alpha amino, 
epsilon amino, histidine nitrogen, carboxyl, reactive 
carbonyl, mercapto, sulfhydryl and hydroxyl. 

43. The compound of claim 42, wherein B is a member of 
the group consisting of proteins, polypeptides, peptides and 



45. The compound of claim 44, whereiri said cytokine is 
an interleukin. 

46. The compound of claim 45, wherein said interleukin 
is selected from the group consisting of EL-1, IL-2, IL-3, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12 and 
IL-13. 

47. The compound of claim 44, wherein said interferon is 
selected from the group consisting of a-interferons, 
{J-interferons and y-intfirferons. 

48. The compound of claim 1, wherein v=l. 

49. The compound of claim 1, wherein (p) is four and 



except that R 2 , R 3 , R s and R s are not all H when (m) and (n) 
are both zero. so 

28. The compound of claim 27, wherein and R 6 are 
alkyls. 

29. The compound of claim 27, wherein R 2 and R s are 
methyl. 

30. The compound of claim 27, wherein R 2 and R s are 55 
independently C 2 _ 6 . 

31. The compound of claim 27, wherein R 2 and R 6 are 
methoxy. 

32. The compound of claim 27, wherein R 3 and R s are 
hydrogen. 60 

33. The compound of claim 27, wherein Rj and R 4 are 
independently selected from the group consisting of 
hydrogen, CH 3 and CH 2 CH 3 . 

34. The compound of claim 27, wherein said substituted 
C 1-6 alkyl is selected from the group consisting of 65 
carboxyalkyls, aminoalkyls, diaUsylaminos, hydroxyalkyls 
and mercaptoalkyls. 



comprises Gly-Phe-Leu-Gly (SEQ ID NO:l). 
50. A compound of claim 1, selected from the group 
' of: 



OCH, 
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wherein J is O, S, or NR n , F. and Z are independently CR 13 
or NR 13 , and R 13 is independently selected from the group 
consisting of hydrogen, alkyls, branched alkyls, 

C3_g cycloalkyls, substituted alkyls, C3_ 8 substituted 1S 
cycloalkyls, aryls, substituted aryls, aralkyls, C a _ 6 
heteroalkyls, and substituted heteroalkyls. 

51. A composition comprising a compound of the for- 
mula: 



R 2 , R 3 , R 5 and R s are independently selected from the 
group consisting of hydrogen, alkyls, C M alkoxy, 
phenoxy, heteroalkyls, heteroalkoxy, substi- 
tuted C!_ s alkyls, cycloalkyls, substituted 
cycloalkyls, aryls, substituted aryls, aralkyls, halo-, 
nitro-, cyano-, carboxy-, carboxyalkyls and 
alkyl carbonyls; and 

Ar is a moiety which forms a multi-substituted aromatic 
hydrocarbon or a multi-substituted heterocyclic group; 
except that G is not H when (v) is 0; 

b. removing the protecting group; 

c. reacting the resultant unprotected intermediate com- 
pound with an activated polymer capable of reacting 
with ^ to form an intermediate activated double pro- 
drug transport form; and 

d. reacting the intermediate activated double prodrug 
transport form with an activating moiety donor. 

54. The method of claim 53, further comprising the step 



PEG-O — C — i 



■CH 2 — O C— 



wherein B is a leaving group or a residue of an arnine- 
coutaining target moiety. 

52. A method of treating a mammal with prodrugs, 
comprising: 

administering to a mammal in need of such treatment an 
effective amount of a pharmaceutically acceptable 
composition comprising the compound of claim 1, 
wherein B is a residue of an amme-containing or 
hydroxyl-containing biologically active moiety. 

53. A method for preparing a prodrug transport form 
comprising: 

a. providing an intermediate compound (til) 



)0 f: 

e. reacting the prodrug transport form of step d with an 
amme-containing or hydroxyl-containing compound 
residue to form a conjugate. 

55. The method of claim 53 further comprising reacting 
; the compound of formula (I) with an activating polymer to 

form a hybrid transport system. 

56. A method for preparing a prodrug transport form 
comprising: 

a. providing an intermediate compound (HI) 

) 

(in) 





wherein M 2 is a cleavable or reversible protecting group; 

Lj is a bifiinctional linking moiety; 

B 2 is selected from the group consisting of H, OH, 



wherein M 2 is a cleavable or reversible protecting group; 
Ll is a bifunctional linking moiety; 50 
B 2 is selected from the group consisting of H, OH, 

JL 

and leaving groups; 

are independently O, S, or NR 12 ; 
(r), (s), (t) 7 (u) and (v) are independently zero or one; 6Q 
(p) is zero or a positive integer; 

R la R 4 , and R 12 , are independently selected from the 
group consisting of hydrogen, alkyls, C 3 _ 12 

branched alkyls, cycloalkyls, C 1j5 substituted 

alkyls, Cj^ substituted cycloalkyls, aryls, substituted 65 
aryls, aralkyls, heteroalkyls, and substituted C H 
heteroalkyls; 



and leaving groups; 
Y^ are independently O, S, or NR 12 ; 
(r), (s), (t), (u) and (v) are independently zero or one; 
(p) is zero or a positive integer; 

Rj, R^ and R IS , are independently selected from the 
group consisting of hydrogen, Cj_ s alkyls, C^_ 12 
branched alkyls, cycloalkyls, C 1-6 substituted 

alkyls, C^s substituted cycloalkyls, aryls, substituted 
aryls, aralkyls, C 1-6 heteroalkyls, and substituted C^ 6 
heteroalkyls; 

R 2 , R 3= R 5 and R 6 are independently selected from the 
group consisting of hydrogen, C-^ alkyls, alkoxy, 
phenoxy, heteroalkyls, heteroalkoxy, substi- 
tuted G^g alkyls, C^ s cycloalkyls, substituted 
cycloalkyls, aryls, substituted aryls, aralkyls, halo-, 
nitro-, cyano-, carboxy-, C w carboxyalkyls and 
alkyl carbonyls; and 

Ar is a moiety which forms a multi-substituted aromatic 
hydrocarbon or a multi-substituted heterocyclic group 
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when compound III is reacted with an activating moiety 
donor except that G is not H when (v) is 0; 
b. reacting intermediate compound ITI with an activating 
moiety donor and then reacting the resultant activated 
product with an amine-containing or hydroxyl- 
containing compound; 



50 



c. removing the protecting group from the last product of 
step b, to form an unprotected intermediate; and 

d. reacting the unprotected intermediate of step c with an 
activated polymer to form the prodrug transport form. 
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